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NOTE BY THE EDITOR. 



Mr. P. A. Cairns, the author of this work, died sud- 
denly while engaged in preparing the first edition for the 
press. 

The undersigned completed what was found to be 
necessary, and the work was published. 

After using it in class room and laboratory for a year, 
it has been deemed advisable to prepare and issue a new 
edition in which a few typographical errors have been 
corrected and some notes of an explanatory nature added. 
In a few cases it has also been found preferable to modify 
the phraseology employed, and a new chapter has been 
added on the testing of illuminating gas. 

It is to be hoped that the changes made will meet with 
the approval of those making use of the book, and that 
the conscientious labors of the author will still have the 
cordial appreciation of workers in this branch of chemistry. 

E. Waller. 






AUTHOR'S PREFACE. 



This little manual is designed to assist beginners in the practice 
of quantitative analytical chemistry. 

The aim is, by explaining some of the more serious obstacles to 
successful analysis, to teach thoughtfulness and caution, and by 
giving very explicit directions in the earlier part of the course, to 
induce habits of precision, and impart a sufficient amount of 
knowledge of chemical manipulation to enable the student to pro* 
ceed without further leading. 

The system adopted is to teach at first the determination, indi- 
vidually, of the constituents of compounds, composed of elements 
which will afterward, very frequently, be found variously asso- 
ciated, particularly in mineral analysis ; and then to teach the 
quantitative separation of these elements, in the analysis of com- 
pounds containing a number of them ; advancing, step by step, 
from the analysis of compounds of similar character to the 
analysis of more complicated ones, involving a knowledge and 
application of what has preceded. 

In addition to the series of what may be called strictly mineral, 
have been added a number of analyses of substances of an organic 
character, found in commerce, which will give the student an 
insight into the work which will probably be required of him as a 
practical chemist. 

The range of these is necessarily restricted, as it is desired to 
keep the work within the limits of a simple hand-book. 

The writer has avoided giving numerous methods of analysis of 
the same substance, but has selected those which he knows to be 
good, and which he believes to be the best. 

The instructor is expected to enlarge upon the instructions 
given here, and the student to study other works of a more 
elaborate character. Success requires knowledge of theoretical 
chemistry and quantitative analysis. 



EEFERENCES. 



The references are to : 

" Fres., Qual, AnaV — 

Fresenius's Manual of Qualitative Analysis. Translated into the new 
system. Edited by S. W. Johnson. New York : 1875. 

' ' Fres. , Qtiant Anal, " — 

Quantitative Chemical Analysis. By Dr. C. R. Fresenius. Edited by 
S W. Johnson. New York : 1871. 

*H. Rose, Quant AnaV^ — 

Traite Complet de Chimie Analytique, par M. Henri Rose. Edition 
FranQaise originale, Analyse Quantitative. Paris : 1862. 



% 



$.' 



TABLE OF CONTENTS. 



CttAPTBR. PaCUI. 

Introduction « x 

I. — Barium Chloride * 13 

II.— Magnesium Sulphate 17 

III. — Calcium Carbonate 20 

IV.— Potassium Alum 26 

v.— Calcium Fluoride * 31 

VI. — Potassium Iodide 84 

VII.— Potassium Bromide 86 

Vni. — Hydro-Disodium Phosphate 86 

IX. — Ammonio-Ferric Sulphate, or Ammonia Iron Alum 40 

X— Feldspar,. , 49 

Xl.^-Iimestone 59 

XIL— Clay............... 67 

XIII.— Manganese Ote 70 

XrV. — Partial Analysis of Iron Ore * » 78 

XV. — Complete Analysis of Iron Ore 86 

XVI.— Slag 100 

XVII.— Cast-iron, Steel, and Wrought-Iron 102 

XVni.— Zinc Ore ,..o 123 

XIX.— Nickel Ore 127 

XX.— Copper Ore,.,,.. ..o 136 

XXI.— German Silver . » . c 140 

XXII.— Galena ...., 142 

XXIIL— Tin Ore , 145 

XXIV.— Bronze 147 

XX V. —Arsenic Ore 149 

XXVI,— Antimony Ore .». 152 

XXVII.— Type Metal 154 

XXVIII.— Refined Lead 157 

XXIX.— White Paint Ground in Oil 167 

XXX.— Fresh Water 173 

XXXI.— Mineral Water : 184 

XXXII.— superphosphate of Lime , 197 

XXXIIL— M:ik £01 

XXXIV.— Acidimctry a :d Alkalimetry CC7 

XXXV. — Commercial Bicarbonate of Soda 215 



Viii CONTENTS. 

CSAPTBH . PaOB. 

XXXVL— Chlorimetry 218 

XXXVn.— Acetate of Lime 231 

XXXVIIL— Guano 223 

XXXIX.— Raw Sugar 226 

XL.— Sugar (Ultimate Analysis) 281 

XLI. — Turpentine (Ultimate Analysis) 233 

XLn.— Bone-Black 234 

XLra.-Ck)al 288 

XLIV.— Petroleum 242 

XLV. — ^Examination of Illuminating Oas 245 

XLVI.— Soap 252 

XLVIL— Flour 255 

TABLES. 

Comparison of French and U. S. Weights and Measures 262 

Atomic Weights 263 

Specific Gravities and Degrees Beaum6 264, 265 

Strength of Sulphuric Acid 365 

*• Hydrochloric Acid 260 

** "Nitric Acid 267 

" " Tartaric Acid 268 

** Citric Acid 268 

" Acetic Acid. 269 

** Ammonia 269 

"Potash Lye 270 

"Soda Lye 270 

" " Sodium Chloride 271 

" " Ammonium Chloride. 271 






w^a^^mmmmmi 



INTRODUCTION. 



As gravimetric analysis is effected by separating, one by 
one, the different constituents from a solution containing 
a known amount of the substance to be analyzed by adding 
other substances, called reagents, which will form with the 
constituents to be determined compounds insoluble in the 
surrounding fluid, care must be taken not to use excessive 
I quantities of these reagents. 

Take, as an illustration, the analysis of limestone. After 
decomposing the stone and separating the silica, which is 
done in acid solution, the solution is made alkaline with 
ammonia, by which means the ferric and aluminic hy- 
drates, being insoluble in ammonia, are precipitated ; the 
lime is then precipitated, by the addition of ammonium 
oxalate, a^ calcium oxalate, a compound insoluble in am- 
monia ; the magnesia is then precipitated from the residual 
fluid as magnesium ammonium phosphate (by the addition 
of sodium phosphate), a compound insoluble in ammonia. 

This is the outline of the method of analysis. Suppose 

an excessive quantity of hydrochloric acid to have been 

used in the first instance, a large quantity of ammonia 

J would be required to precipitate the iron and alumina, and 

consequently a large quantity of ammonium chloride formed 
in the solution. If, in addition to this, an unnecessary 
quantity of ammonium oxalate were used, it would be 
found impossible to complete the analysis successfully 
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without danger of loss and great waste of time and labor. 
The danger of loss always accompanies prolonged operations 
in chemistry ; the waste of time would be consequent upon 
the necessity of evaporating to dryness to expel the large 
amount of ammonium chloride, in the presence of which 
the magnesium could not be completely precipitated (an 
operation involving considerable loss of time and possibly 
of substance). Finally, after all this waste of time and 
labor, the presence of other salts, not volatilized by heat, 
would render it impossible to concentrate the fluid to the 
proper point for the thorough precipitation of the mag- 
nesium as phosphate, it being somewhat soluble in large 
amounts of fluid. Such difficulties as these can in nearly 
all cases be avoided by using no more of a solvent (acid or 
alkaline) than is necessary, and no more of a precipitant 
than is required to effect complete precipitation, or, in 
other words, by avoiding excessive use of reagents in all 
cases. 

A knowledge of the use of solvents can be attained by 
studying the solubility of substances, and a knowledge of 
the amount of reagents to be used by simple stoichiomet- 

^ rical calculations. .The student should bear in mind that 
water is also a reagent, and that excessive use of it is to be 
condemned. At the end of this chapter will be found a 
table giving the amount of the different elements, etc., 

I precipitated by 1 c. c. of a solution of each of the reagents 
most commonly used. 

Before beginning an analysis of any complexity, a plan 
should be adopted and well studied. In many cases, tabular 
Schemes will be found very useful, as they enable the 
chemist to see at a glance the relative bearing of each part 
of an analysis, and refresh the memory without loss of time. 

MEAStJElKO. 

This requires vessels of various kinds, the capacity of 

which is known, such as 'flasks, pipettes, burettes, etc. 

» 
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Flasks. — Of these it is well to have a series which will 
deliver respectively 50 c. c, 100 c. c, 150 c. c, 200 c. c, 
250 c. c, 300 c. c, 500 c. c, and 1000 c. c. In most cases, 
it is not of so mnch importance that they should be ab- 
solutely accurate as to capacity, as that they should bear 
an accurate relationship to each other, as otherwise it will 
be impossible to divide solutions correctly, a matter of the 
greatest importance in quantitative analysis. If it is desired 
to standardize a flask with great precision, it can be done 
by counterpoisirg it on a balance with any kind of weight 
that is convenient, adding weights to those on the balance 
to an amount corresponding to the capacity of the flask, 
adding the proper amount of water, and marking the neck 
of the flask. As an illustration, we will suppose that it is 
desired to prepare a 50 c. c. flask. Select a flask with a 
narrow neck, in which the water will rise about haK-way, 
upon introducing about 50 c. c. of it ; dry the flask thor- 
oughly, inside and out, place it upon the pan of a balance, 
counterpoise it with any convenient weight, add to the 
weight 49.9405 gms., and introduce into the flask distilled 
water of 16° C, until perfect Equilibrium is produced 
(after drying the neck of the flask above the water-line). 
Then mark the neck of the flask, which must stand perfectly 
level, where it is intersected by the horizontal plane coia- 
ciding with the bottom of the meniscus. This mark is what 
is called the ' ' holding " or ' ' containing ' ' mark. Of course, 
when the contents of the flask are poured out, some of the 
fluid will adhere to the sides, and it will fail to deliver 50 
c. c. It becomes necessary, therefore, to establish a point 
to which the flask must be filled to enable it to deliver 50 
c. c. To do this, fill the flask with water, empty it, counter- 
poise it as before, together with the fluid adhering to the 
inside, being careful that the outside is dry, replace the 
weights amounting to 49.9405 gms., introduce distilled 
water of 16° C. until equilibrium is restored as before, 
and mark the neck of the flask where it is intersected 
by the horizontal plane tangent to the bottom of the 
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meniscus. This mark is what is called the "delivery'* 
mark. 

In this way, all the flasks required can be prepared with 
great accuracy. If, however, an accurately measured flask 
is at hand, another of twice or thrice the capacity can 
readily be prepared by filling the smaller flask to the deliv- 
ery mark with water of 16*^ C, emptying it into the largier 
flask, previously dried, repeating until the desired volume 
is reached, and marking upon the neck of the flask the 
holding point. By repeating the operation upon the wet 
flask, the delivery mark can be established. 

Flasks can also be prepared with great ease by means 
of a pipette the capacity of which is known. If, for instance, 
a pipette which is known to deliver 50 c. c. is at hand, 
all that is necessary to prepare a 200 c. c. flask is to dry 
it, run into it 4 pipette-fulls of water of 16° C, and mark 
the proper point on the neck as the holding mark ; and 
determine the delivery mark by repeating on the wet flask. 

Pipettes. — These can usually be purchased cheaply, so 
that ordinarily there is no occasion to make or graduate 
them. Their accuracy should, however, always be verified. 
This is commonly done by filling them up to the proper 
mark with water of 16° C, running this water into a 
weighed flask, and weighing the amount delivered. This 
should be nearly the same number of grammes as the 
pipette is suioposed to contain in cubic centimetres, a slight 
difference being made for the expansion of water between 
and 16° C. One cubic centimetre of water at 16° C. 
weighs 0.9988 gms. 

A pipette must always be filled by suction to above the 
mark, with the liquid to be measured ; then, by closing the 
top with the dry finger, the liquid may be allowed to run 
slowly out, until the lower part of the meniscus is at the 
line. It win then (if correct) deliver the number of c. c. 
marked upon it. Pipettes being used for delivery ordy^ 
have no holding mark, as with fiasks. In running the 
liquid out of the pipette, touch the tip lightly against the 
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side of the vessel into which it is delivering, until no more 
runs out. Never blow out the last drop, since that ren- 
ders the measurement inaccurate. 

If a burette is taken, the accuracy of which has been 
verified by weighing the amounts delivered, as referred to 
above, the accuracy of any number of pipettes may be 
readily tested, by first filling them with water, running it 
out so as to leave the same amount adhering to the glass 
as when in use, and then closing the tip with the finger, 
and running in water of 16^ C. from the burette. For 
this work, the burette should be provided with a fine- 
pointed delivery-jet. 

The same method wiU serve for graduation, if that is 
necessary. (See Thorpe's " Quant. Anal." pp. 112 ef 
seq.) Students should also have a few small test glasses 
holding ttom 10 to 15 c. c, and graduated to c. c. These 
will be found more convenient for controlling the use of 
reagents than pipettes, and for most purposes are suf- 
ficiently accurate. 

For measuring of gases, read Fresenius, who extracts 
from the best authorities, such as Bunsen, Kegnault, and 
others. 

WEIGHING. 

As quantitative analysis requires, in addition to the sep- 
aration of the constituents of a substance, the determina- 
tion of their relative quantity, accurate weighing is abso- 
lutely necessary. A good balance is, of course, essential. 
For discussions of the principles of the balance, the student 
is referred to such works as that of Fresenius, as space will 
not allow their being introduced here. Rules for weigh- 
ing are all that are admissible. Those given by Fresenius 
are introduced here. 

1. The safest and most expeditious way of ascertaining 
the exact weight of a substance is to avoid trying weights 
at random; instead of this, a strictly systematic course 
ought to be pursued in counterpoising substances on the 
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balance. Snpi)Ose, for instance, we want to weigh a cru- 
cible, the weight of which subsequently turns out to be 
6.627 gms. ; we place 10 gms. on the other scale against 
it, and we find this too much ; we place the weight next 
in succession, i. e.y 5 gms., and find this too little ; 
next 7, too much ; 6, too little ; 6.5, too little ; 6.7, too 
much ; 6.6, too little ; 6.65, too much ; 6. 62,. too little ; 6.63, 
too much ; 6.625, too little ; 6.627, right. 

I have selected here, for the sake of illustration, a most 
complicated case ; but I can assure the student of quanti- 
tative analysis that this systematic way of laying on the 
weights will, in most instances, lead to the desired end in 
half the time required when weights are tried at random. 
After a little practice, a few minutes will suffice to ascer- 
tain the weight of a substance to within the tenth of a 
milligramme, provided the balance does not oscillate too 
slowly. 

2. The milligrammes and fractions of milligrammes are 
determined by a centigramme rider (to be placed on or be- 
tween the divisions on the beam) far more expeditiously 
and conveniently than by the use of the weights them- 
selves, and at the same time with equal accuracy. 

3. Particular care and attention should be bestowed on 
entering the weights in the book. The best way is to 
write down the weights first by reference to the blanks or 
gaps in the weight-box, and to control the entry subse- 
quently by removing the weights from the scale, and re- 
placing them in their respective compartments in the box. 
The student should, from the commencement, make it a 
rule to enter the number to be deducted in the lower line ; 
thus, in the upper line, the weight of the crucible + the 
substance ; in the lower line, the weight of the empty cru- 
cible. 

4. The balance ought to be arrested every time any 
change is contemplated, such as removing weights, substi- 
tuting one weight for another, etc., etc., or it will soon be 
spoUed. 
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6. Substances (except, perhaps, pieces of metal, or some 
otlier bodies of the kind) must never be placed directly 
upon the scales, but ought to be weighed in appropriate 
vessels of platinum, silver, glass, porcelain, etc., never on 
paper or card, since these, being liable to attract moisture, 
are apt to alter in weight. The most common method is 
to weigh, in the first instance, the vessel by itself, and to 
introduce subsequently the substance into it; to weigh 
again, and subtract the former weight from the latter. In 
many instances, and more especially where several portions 
of the same substance are to be weighed, the united weight 
of the vessel and of its contents is first ascertained ; a 
portion of the contents is then shaken out, and the vessel 
weighied again, the loss of weight expresses the amount of 
the portion taken out of the vessel. 

6. Substances liable to attract moisture from the air 
must be weighed invariably in closed vessels (in covered! 
crucibles, for Instance, or between two watch-glasses, or 
in a closed glass tube) ; fluids are to be weighed in small, 
bottles with glass stoppers. 

7. A vessel ought never to be weighed while warm,. 
Bince it will in that case invariably weigh lighter than it 
really is. This is owing to two circumstances. In the first 
place, every body condenses upon its surface a certaim 
amount of air and moisture, the quantity of which depends^ 
upon the temperature and hygroscopic state of air, andi 
likewise on its own temi)erature. Now, suppose a crucible 
has been weighed cold at the commencement of the oper- 
ation, and is subsequently weighed again while hot, together 
with the substance it contains, and the weight of which we 
wish to determine. If we subtract, for this purpose, the 
weight of the cold crucible, ascertained in the former 
instance, from the weight found in the latter, we shall 
subtract too much, and consequently we shall set down 
less than the real weight of the substance. In the second, 
place, bodies at a high temperature are constantly com- 
municating heat to the air immediately axounithem ;, the 
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heated air expands and ascends, and the denser and colder 
air, flowing toward the space which the former leaves, pro- 
duces a current which tends to raise the scale-pan, making 
it thus appear lighter than it really is. 



FILTEEING AND BEAKERS, ETC., WASHES'G. 

lipped beakers are always preferable. In pouring from 
a beaker, the stream should be always poured against a 
glass rod. No grease is required on the under side of the 
lip, if it is properly formed. The under side of the lip 
should always be dry. Rubbers on the rods should only 
be used to clean vessels. In filtering, the rods should 
have no rubbers on them, as it may introduce organic 
matter into the solutions, which may cause error in the 
work. 

When a vessel holding several litres is to be heated, as 
it may be fractured by the great weight of fluid, if the 
bottom rests unevenly upon its support in heating, sand 
may be used as a support. In other cases, the use of sand 
is objectionable. It requires a longer time to heat a vessel 
standing upon sand, and the sand is very liable to adhere 
to the bottom of the vessel^ and from it drop into the 
analysis. 

In filtering, the filter should always be accurately fitted 
to the funnel, and the funnel adapted to the size of the 
filter, always using the smallest filter that will allow a 
proper washing of the contents. The larger the filter, the 
more washing it requires, and the greater the liability to 
error in allowing for the weight of the ash. 

Corrugated filters should never be used in quantitative 
work, where the precipitate is to be weighed, as it is very 
difficult to wash them properly, and it is very diflicult to 
remove the precipitate from them, which is often neces- 
sary. 

In washing, allow all the solution to run through the 



MLTEEIKG AND BEAKEBS, ETC., WASHING. 9 

filter, before adding any water, then fill up the filter with 
water, and allow that to ran through before adding more. 
By this means, excessive quantities of wash-water may be 
avoided. In washing by decantation, which is necessary 
with some precipitates, the same principle is used. Allow 
the precipitate to settle, decant as closely as possible, 
pouring the liquid through the filter, add water, stir well, 
let settle, and decant again closely before adding more 
wash-water. 

Grneibles and Ignition. — Crucibles should always have 
covers, and be cooled and weighed with them on, tp avoid 
loss of substance and to exclude dust, etc. 

Previous to ignition, the filters and contents must be 
thoroughly dried; on ignition, the paper must be thor- 
oughly consumed, so that no carbon remains. Heat gently 
at first, so as to carbonize the filter without flame, and 
afterward intensely. The destruction of the filter-paper 
is most readily effected by tilting the crucible, and finish- 
ing the ignition with the cover off. It is best to remove 
the contents from the filter so far as possible, before ig- 
niting. In many cases, the removal of any of the contents 
is impossible. In such cases, roll up the filter and con- 
tents, and bum both together. If the substance is one 
which may be reduced by the carbon of the filter-paper 
(as lead sulphate, etc.), moisten with a little concentrated 
nitric acid or strong solution of ammonium nitrate before 
igniting. Where the most of the precipitate can be re- 
moved from the filter without loss, it is better to do so, 
and reserve the precipitate in a watch-glass or convex 
cover, until the filter-paper has been consumed. 

Where substances readily reducible are to be weighed, 
which might form a fusible alloy with platinum (lead 
sulphate, silver chloride, etc.), porcelain crucibles should 
be used, « 

Note-Books. — ^Notes should never be kept on loose scraps 
of pai)er, but in regular note-books, of a size sufficient to 
allow of keeping a clear record of the work, for reference 
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at any time. It is convenient to get in the habit of setting 
down the weight of the vessel in which a substance is to be 
weighed, in the lower line of the two intended for that 
purpose. In the case given below, the glass for the iron 
wire and the crucible for the precipitate are always 
weighed first, but the weight is entered on the lower line 
of the two, for convenience in subtracting. 

As an illustration of a clear and convenient form of 
keeping a note-book, an example is given. The analysis 
is supposed to be the determination of iron in iron wire : 

Wt. glass + Fe wire 6.0766 

*« " 5.8000 

Fe wire taken 0.7765 

Wt. Crucible -h ignited ppt., etc 25.5170 

** " 24.4059 

" ppt. H-ash.. 1.1121 

" filter-ash 0.0031 



a 



ignited ppt 1.1090 

CcUctUcUion : 

112 
1.1090 X ^ = 0.7763 Fe 

100 

0.7763 X ir^ = 99.97 per cent Fe. 
U.77DO 
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« 

In making up reagents, pure materials and distilled water 
should be used. In the table below, where salts are men- 
tioned, the crystallized salts (containing water of crystal- 
lization) are meant. Salts obtained from dealers, and 
labelled '%' chemically pure," are seldom absolutely so, and 
often afford a sediment when their solutions are allowed 
to stand. Tests should always be made for such impurities 
as may interfere with the work. In some cases, the amount 
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of impurity may have to be determined, and an allowance 
made for it in the work. 



Reagent. 

3* Cl *• -t-x Mf-o Barium Chloride 
3Vil?(A*/>»l»oHydrod isod i c 

Pliosphate. . . . 

C/^pr H+j^^^f Ammonium Ox- 
f /V'^'O alate..... . ... 

Argentic Nitrate 



Proportions to be used. 
1 gm. salt 10 c. c. water 



it (t 



" 10 c. c. 



t( 






TvC^V 






it 



" 24 c. c. 
" 20 c. c. 
Sulphuric Acid.. 1 gm, cone. (gr. 1.84) 5 c. c. '* 

Ice. " " 5c. c."^,,// 



it 



<< 



1 c. c, of solution 
will precipitate : 

0.0827 gm. SO, 

0.0112 « MgO 

0.0146 " CaO 

0.0104 " a 

0.2522 " Ba 

0.4291 " Ba 



Piatinic Chlor- f ^ ^°^' metal dissolved in aqua regia, 1 0.0390 ** K 
i^Q^ - evaporated to dryness and dissolved}- 0.0480 " K^O 

in 1 c. c. HCl -f- 9 c. c. water. 



1 gm. MgSoi^ (salt), 1 gm. NH^a 
(salt), 4 c. c ammonia, 8 c. c. wa£^« 

1 gm, MoOs dissolved in- 4 c. c. £&- 
monia, poured into' 15 c. c. HNO, 
(gr. 1.2). 



" Magnesia mix- 

ture, vid. 
Frea. Qwawt, ' 
§ 62, p. 89. 
Molybdate solu- 
tion, vid.' 
Fres. Qual, 
§55, p. 72. 

\^^j O i- Ammonium Carbonate, 1 gm. salt, 1 c. c. ammonia. 

4 c. c. water. 
Sodium Carbonate, 2.7 gm. salt, 5 c, c. water. 

(Saturated solution.) 
Ammonia, gr. 0.96.* 
Hydrochloric Acid, gr. 1.12. 
Nitric Acid, gr. 1.2. 



0.0750 






a0240 " p,o. 



3 H-^O 

u rt>o 
H>0^ 






* The strongest concentrated ammonia has a gr. of 0.880. This, diluted with 
i wo volumes of water, will have a gravity of 0. 96. | 
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CHAPTER L 

BARIUM CHLOEIDE. 

BaCh.2H^0. 
The comjKxsition of crystallized barium chloride is : 

Ba 56.147 per cent. 

a 29.099 " ** 

H,0 14.754 " " 

100.000 

Pulverize 8 or 10 gms., and keep the powder in a corked 
tube or bottle. For the determination of the barium, 
/ ,v. dissolve 1 gm. in 100 c. c. warm water, containing a few 

drops of hydrochloric acid. Heat to boiling, and add 2 
c. c. dilute sulphuric acid, prepared by adding 1 part by 
volume of strong acid to 5 parts by volume of water. 
Continue boiling for 1 minute. Then remove the heat, 
and allow the precipitate of barium sulphate to settle 
completely. 

To determine whether or not a sufficient quantity of sul- 
phuric acid has been added, place 2 or 3 drops of the clear 
supernatant fluid on a watch-glass, and add a drop of 
barium chloride solution. If, upon the addition of the 
barium chloride, the fluid becomes turbid, with a precipi- 
tete of barium sulphate, there is evidently a sufficient 
quantity of sulphuric acid present to precipitate all the 
barium in the solution. Should no turbidity appear after 
adding the barium chloride to the solution on the watch- 
glass, add 1 c. c. more of the dilute sulphuric acid to the 
main solution, boil, and test a few drops of the clear fluid, 
as before. Repeat the testing and addition of acid until 
the fluid evidently contains an excess. When the pre- 
cipitation is complete, decant the clear fluid on a filter, 
without disturbing the precipitate, pour 100 c. c. boiling 
water on the precipitate, stir well with a glass rod, allow 
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the precipitate to settle, and decant as bef ora Repeat this 
washing by decantation several times. Then, transfer the 
precipitate to the filter, and wash with hot water until the 
wash- water does not become turbid when either barium 
chloride or silver nitrate is added to it. After filtering 
out the barium sulphate and washing by decantation, and 
before transferring the precipitate to the filter, substitute 
a clean empty beaker for the one containing the filtrate, 
in order that an unnecessary amount of re-filtering may be 
avoided, should the precipitate of barium sulphate run 
through the filter, which sometimes happens when the 
filter-paper is very thin. Dry the precipitate on the filter, 
and when it is dry brush it from the filter into a clock- 
glass or small dish as completely as possible ; bum the 
filter in a weighed crucible, keeping the crucible covered 
until the paper is thoroughly charred. After this, remove 
the cover and continue to heat until the carbon of the 
paper is completely consumed and only white ash left. 
Then transfer the precipitate from the clock-glass to the 
crucible, ignite thoroughly, cool in a desiccator, and weigh. 
The weight will be that of the crucible, filter-ash, and pre- 
cipitate of barium sulphate. Deduct the known weight 
of the crucible and filter-ash, and from the remainder, 
which will be the weight of the barium sulphate, calculate 
the per cent of barium. 

The combustion of the filter can be hastened by pressing 
it against the side of the crucible, while burning, with a 
clean glass rod. 

If the barium sulphate be not completely removed from 
the filter before burning it, a little may possibly be re- 
duced to barium sulphide by the carbon of the filter. 
This danger may be avoided by moistening the filter-ash 
with two or three drops of sulphuric acid, drying, and ig- 
niting again, before transferring the precipitate to the 
crucible. 

For the determination of the chlorine, dissolve 0.500 gm. 
of the pulverized barium chloride in a small conical part- 
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14 BARIUM CHLORIDE. 

ing-flask, or matrass, such as is used in the assay of gold. 
W;../, Fill the flask about half fuU with warm water — ^warm to 

about 60° C, and add 16 c. c. of a solution of silver nitrate, 
prepared by dissolving 1 part by weight of pure silver 
^^^^.. nitrate in 20 parts of water, add 1 c. c. of nitric acid, cork 
the flask, and shake well. When the precipitate has set- 
tled, add 1 c. c. more of the solution of silver nitrate, and 
notice carefully whether or not it causes another precip- 
itate. If it should do so, shake, and allow the silver chlor- 
ide to settle, add another c. c. of the silver nitrate solu- 
tion, and proceed in the same way until no new precip- 
itate forms, and the solution *' brightens," as it is termed ; 
that is, looks perfectly clear. Heat to QO"" C. Allow the 
precipitate to settle completely, till the flask with warm 
water, place over the mouth a weighed porcelain crucible 
of a proper size to allow the mouth of the flask to touch 
the bottom of it, and invert it quickly. Hang the flask 
by means of a wire triangle in a ring of an ordinary ring- 
stand, over an evaporating dish suflSiciently large to hold 
more than the contents of the flask. Lower the ring until 
the crucible stands on the bottom of the dish, the crucible 
being all the time pressed firmly against the mouth of the 
flask. Fill the crucible with water and gently raise the 
ring, adding water while doing so, until the mouth of the 
flask is so slightly submerged that a watch-glass, a trifle 
larger than the crucible, can be slipped under it. Do not 
place the watch-glass under the mouth of the flask at first, 
but allow the whole to stand for some hours, protected as 
far as possible from the light. 

The precipitate will usually settle entirely from the 
flask into the crucible ; should any particles adhere to the 
sides of the flask, slight tapping will cause them to de- 
scend. After all the precipitate has settled into the cru- 
cible, slip the watch-glass under the mouth of the flask, 
and, while holdiag it firmly against it with one hand, 
remove the crucible containing the silver chloride with 
the other ; allow the fluid in the flask to run out slowly 
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into the dish by moving the watch-glass gently with a 
rocking motion. Now pour the fluid in the crucible care- 
fully into another vessel, or, for greater security, on a filter. 
Wash repeatedly with hot water, containing a little nitric 
acid, decanting on the filter as before, until the washings 
do not become turbid upon the addition of hydrochloric 
acid. In testing, use only a few drops at a time, in a very 
slender test-tube. Kemove the last drops of fluid from 
the crucible with a strip of bibulous paper, being careful 
not to take up any silver chloride ; should any particles 
adhere, they can be washed back into the crucible, and the 
fluid removed as before. By a little care and dexterity, all 
but a very small quantity of fluid can, in this way, be re- 
moved. Evaporate ofl! what remains in the crucible, and 
then dry it, with its contents, in a drying chamber. 
When all visible moisture is removed, heat over a low 
flame, until the silver chloride begins to fuse weU around 
the edge ; cool and weigh. Deduct from this weight the 
known weight of the crucible. The remainder will be the 
weight of the silver chloride. From this, calculate the per 
cent of chlorine. The silver chloride should not be fused 
at a high heat, as it will volatilize some of it. This is the 
best method of determining chlorine gravimetricaUy, where 
a large quantity of silver chloride is to be handled. 

The silver chloride can be precipitated in a beaker in- 
stead of a flask, and filtered oiit. Precipitate in the same 
way as directed above ; pour the clear fluid on the filter, 
wash a few times by decantation with hot water acidu- 
lated with nitric acid, transfer the precipitate to the filter, 
and wash with hot water acidulated with nitric acid, until 
the washings do not become turbid upon the addition of 
hydrochloric acid, to be sure that the excess of silver 
nitrate is washed out. Dry the precipitate in the funnel 
in an air-bath. When the precipitate is dry, transfer it to 
a clock-glass, brushing the filter as clean as possible with 
a feather ; place the filter in a weighed porcelain crucible, 
moisten it with a few drops of nitric acid, and bum it 
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tintil all carbon is consumed. Let the crucible cool enougft 
to be handled, add a few drops of nitric acid, and warm, 
to dissolve the metallic silver which is due to the re>- 
duction of the silver chloride by the carbon of the filter. 
Then add a few drops of hydrochloric acid and evaporate 
to dryness. Transfer the precipitate from the clock-glass 
to the crucible, fuse as directed above, cool and weigh. 
The weight will be that of the crucible, filter-ash and silver 
chloride. Deduct the known weight of the crucible and 
ash of filter ; the remainder will be the weight of the silver 
chloride. From this, calculate the per cent of chlorine. 

Whichever method be employed, evaporate the filtrates 
and washings to small bulk, after adding a little silver 
nitrate and nitric acid. Should a precipitate of silver 
chloride be formed, treat it as directed above, and add the 
per cent to the first. 

For the determination of water, introduce 1 gm. into a 
weighed crucible, and heat very gently to low redness ; 
cool and weigh. Repeat the heating and weighing until 
the substance ceases to diminish in weight. Care should 
be taken not to heat too highly, as by doing so some 
chlorine may be expelled. 

The loss of weight is equivalent to the water ; from this, 
calculate the per cent of water. 
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CHAPTER n. 

MAGIS^ESIUM SULPHATE. 

MgS0^.7ir20. 
The theoretical composition of magnesium sulphate is : 

MgO 16.36 per cent. 

SO, 82,53 " " 

HaO 51.23 " "^ 

100.00 

As the salt is slightly efflorescent, select 8 or 10 gms. of 
crystals that have not lost water by exposure, pulverize 
them quickly, and keep the powder in a corked tube or 
bottle. 

For the determination of magnesia, dissolve about 1 gm. 
in 25 c. c. of cold water in a small beaker, add enough 
hydrochloric acid to make the solution distinctly acid to 
test-paper, and then enough ammonia to make it de- 
cidedly alkaline. Should a precipitate of magnesium 
hydrate occur, make the solution acid again with hydro- 
chloric acid, and then alkaline again with ammonia, as be- 
fore. Repeat this treatment if necessary until ammonia y 
no longer produces a precipitate. Allow the fluid to 
cool, and add 16 c. c. of a solution of hydro-disodlum '^v., 
phosphate, prepared by dissolving 1 part by weight of the ^^ 
salt in 10 parts of water. Agitate the contents of the 
beaker well with a glass rod, being careful not to rub the 
sides of the vessel with the rod, as it will cause crystals of 
ammonia-magnesium phosphate to adhere to the glass so 
tenaciously as to be difficult to remove. Allow the solution 
to stand cold 12 hours, and, when the precipitate has en- 
tirely settled, place 3 or 4 drops of the clear fluid on a watch- 
glass, or in a very small test-tube, and add 2 or 3 drops of 
'^magnesia mixture." If a precipitate forms, it shows 
that enough hydro-disodium phosphate has been used ; if 
no precipitate forms, add 5 c. c. of the precipitant to the 
main solution, and proceed as before. Filter on a very 
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18 MAGNESIUM SULPHATE, 

small filter, and wash with dilute ammonia, prepared by 
mixing 1 part of strong ammonia with 2 parts of water, 
until no turbidity is produced by silver nitrate in 1 c. c. 
of the washings acidulated with nitric acid, or by barium 
chloride in the same quantity acidulated with hydro- 
chloric acid. Dry the precipitate on the filter, and, when 
it is dry, brush it from the filter into a large watch-glass, 
and bum the filter in a weighed crucible. When the car- 
bon of the filter is entirely consumed, transfer the pre- 
cipitate to the crucible, and ignite again, increasing the 
heat to bright redness, keeping the crucible covered. Then 
remove the cover, and heat strongly, until the contents of 
the crucible are white, or nearly so. Should the contents 
of the crucible appear dark in color, moisten them with 
a few drops of nitric acid ; evaporate off the excess of acid 
carefuUy, and ignite again, until the precipitate is of a 
light gray color. Cfool the crucible and contents in a 
desiccator, and weigh. Deduct the known weights of 
the crucible and filter-ash. The remainder wlU be the 
weight of the magnesium pyro-phosphate (MggPgO?). 
From this weight calculate the per cent of magnesia. 

For the determination of the SO3 dissolve 1 gm. in 100 
c. c. warm water, acidulate slightly with hydrochloric 
acid, boil, add 12 c. c. of a solution of barium chloride — 
prepared by dissolving 1 part by weight of crystallized 
barium chloride in 10 parts of water — and continue the 
boiling for 2 or 3 minutes. Allow the precipitate to settle, 
and test a few drops of the clear fluid with sulphuric acid. 
If no precipitate is produced by the sulphuric acid, there 
cannot be an excess of barium chloride in the solution. In 
4 04^ J such a case, add another c. c. of barium chloride solution, 
stir, and allow the precipitate to settle, and test again. 
Proceed in the same way, until the appearance of a pre- 
cipitate upon testing shows that there is a suflBlcient quan- 
tity of barium chloride present. Finally, allow the pre- 
cipitate to settle, decant the clear fluid on a -filter, pour on 
the precipitate 100 c. c. of boiling water containing 2 or 3 
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c. c. of hydrochloric acid, stir, allow the precipitate to 
settle, and again decant on the filter. Repeat this treat- 
ment, and then transfer the precipitate to the filter with 
hot water, and wash with the same until a few drops of 
the wash-water show no turbidity when treated with 
silver nitrate, and leave no more residue, when evaporated 
on platinum and ignited, than will be left by a similar 
quantity of distilled water, treated in the same way. Dry 
the precipitate, brush it on a clock-glass, bum the filter 
moistened with a few drops of sulphuric acid in a weighed 
crucible, add the precipitate, ignite strongly, cool, and 
weigh. Deduct the known weights of the crucible and 
filter-ash. The remainder will be the weight of the barium 
sulphate. From this calculate the per cent of SO3. 

As the precipitate of barium sulphate has a tendency to 
carry down with it barium chloride, which it is difficult to 
remove by washing, after igniting the precipitate, brush it 
from the crucible into a beaker, moisten with a few drops 
of hydrochloric acid, add water, and boil. Then transfer 
all to a filter, wash well, dry, ignite, and weigh. Where 
barium sulphate has been precipitated in a fluid contain- 
ing salts of iron, it is nearly impossible to purify it in this 
manner. In such a case, fuse the ignited precipitate with 
a little sodium carbonate, digest the mass with boiling 
water until it is disintegrated, transfer it to a filter, and 
wash weU. By this means, the barium will remain on the 
filter as carbonate, with the impurity, while the sul- 
phuric acid will pass into the filtrate, from which it can 
be precipitated free from impurity. 

For the determination of the water, introduce about 1 
gm. of the salt into a weighed crucible, heat to redness, 
cool, and weigh. Again heat, cool, and weigh. Repeat 
until the crucible and contents no longer lose weight by 
being heated. The difference between the weights of the 
crucible and contents, before and after heating, is due to 
the loss of water. From this, calculate the per cent of 
water. 
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CHAPTER m. 

CALCIUM CARBONATE. 

The theoretical composition of calcite is : 

CaO 66.00 percent. 

CO, 44.00 " " 



100.00 

For the determination of the lime, dissolve 1 gm. in 3 
c. c. of strong hydrochloric acid, and 25 c. o. of boiling 
water. It should dissolve completely ; should it not, filter 
out any residue, and.wash with about 50 c. o. of hot water. 
Then wash the residue from the filter into a very small 
beaker with as little water as possible, and add 2 c. c. of 
hydrochloric acid, and boil. Should it dissolve, add the 
solution to the first one ; should it not dissolve, pass the 
fluid through the same filter, wash, and add the filtrate to 
the firs^ solution. The combined solutions should not 
amount to more than 200 c. c. Dry the insoluble residue, 
bum it in a weighed crucible, determine its weight from 
the original weight of substance. The difference expresses 
the actual weight of calcite taken for analysis. To the 
combined solutions add enough ammonia to make the 
fluid decidedly alkaline to test-paper, heat to boiling, and 
add 50 c. c. of ammonium oxalate solution, prepared by 
dissolving 1 part by weight of the salt in 24 parts of water. 
Boil hard for two or three minutes. Then remove the 
heat, allow the fluid to cool and the precipitate to settle. 
To be sure that enough ammonium oxalate has been used, 
put 3 or 4 drops of the clear fluid on a watch-glass 
or in a smaU test tube, add 1 drop of ammonia and two or 
three drops of solution of calcium chloride. The forma- 
tion of a precipitate proves that enough ammonium ox- 
alate was used in the ^rst instance. If no precipitate 
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forms, add 10 c. c more ammoninm oxalate to the main 
Bolntion, and test again in the same way. Proceed in this 
manner until assured that enough of the precipitant has 
been added. When the precipitate has thoroughly set- 
tled, decant the clear fluid on a filter, after pouring off as 
much of the fluid as possible. Without disturbing the 
precipitate, remove the beaker containing the filtrate, and 
place another under the funnel. Then transfer the pre- 
cipitate to the filter with hot water, and wash it down into 
the point. More washing than will effect that object is 
unnecessary, as the impurities that may possibly be pres- 
ent, that is, ammonium chloride and oxalate will be 
expelled by the after-treatment of the calcium oxalate 
with sulphuric acid. The object aimed at in remov- 
ing the beaker containing the filtrate is to avoid having to 
re-filter a large amount of fluid, should the precipitate of 
calcium oxalate run through the filter, as it sometimes 
does, particularly when the filter-paper is very thin. 
Remove any calcium oxalate adhering to the walls of 
the beaker with a feather or rubber. If any adhere so 
tenaciously as to render it impossible to remove it with a 
rubber, wash it off with a little dUute hydrochloric acid 
into a small beaker ; add ammonia to alkaline reac- 
tion, a few drops of ammonium oxalate, and boil two or 
three minutes. When the precipitate has settled, filter 
through the Bame filter. The water required to transfer 
the precipitate to the filter will wash it sufficiently. Dry 
the filter and contents at a temperature not exceeding 100® 
C, to avoid making the filter brittle. When the precip- 
itate is dry, brush it into a clock-glass, cleaning the filter 
as thoroughly as possible. Bum the filter in a weighed 
crucible until only white ash is left. Remove the heat, 
and when the crucible is cool, tran»ier the precipitate from 
the glass to the crucible, add enough strong pure sulphuric 
acid to moisten the precipitate, place the lid on the crucible 
and expel the excess of sulphuric acid by heaCting over a 
Bunsen burner, allowing the fiame to touch only the Up 
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or edge of the crucible cover. After expelling all free sul- 
phuric acid^ ignite strongly for a few minutes, cool in a 
desiccator, and weigh. This weight, after deducting the 
known weights of crucible and filter-ash, will be that of 
calcium sulphate. From this calculate the per cent of 
lime. 

The filter should be cleaned as thoroughly as possible, 
as ignition will convert any adhering calcium oxalate into 
calcium hydrate or carbonate which will effervesce vio- 
lently upon the addition of sulphuric acid, thereby causing 
loss of substance, by projecting it from the crucible. The 
reaction between calcium oxalate and sulphuric acid takes 
place without any violent action. 

The carbonic acid is determined by loss of weight of the 
substance after expelling the gas, or by weighing the gas 
after absorbing it in potassium hydrate, or soda-lime. 

There are a great many kinds of apparatus devised by 
chemists for determiidng carbonic acid by loss. One 
which every one can prepare for himself, is constructed of 
3 small flasks. A, B, and C, two of which, A and B, hold 
about 100 0. c. each, and the third, or C, about 25 c. c. 



Each flask is provided with a doubly-perforated cork, or 
rubber stopper. Through the first hole of the stopper of 
flask A passes a piece of small glass tubing, about one 
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and a half inches long. Through the other hole^ passes, 
nearly to the bottom of the flask, one limb of a glass tube 
bent twice at right angles, the other limb of which passes 
through the first hole of the stopper of the other 100 c. o. 
flask, J9, nearly to the bottom. Through the other hole of 
the stopper of flask 5, suflBlciently far to clear the stopi)er, 
passes the short limb of a tube, bent twice at right angles, 
while the longer limb passes through the first hole of the 
stopper of the 35 c, c. flask, C, nearly to the bottom. 
Through the other hole, passes a short tube, about one and 
a half inches long. Into flask A, introduce 80 c. c. of dilute 
nitric acid ; into flask 5, a carefuUy- weighed quantity of 
the calcium carbonate (about 1 gm.), and into flask C7, 10 
c. c. of concentrated sulphuric acid. Put the apparatus 
together, and weigh. Then draw a little acid over from A 
into J9, by sucking at the exit tube of (7, and close the 
oi)en tube of A by placing over it a short piece of rubber 
tubing, the other end of which is closed by a piece of glass 
rod. When the violent effervescence is over, oi)en the 
closed tube of A^ and repeat the operation, untU enough 
acid is drawn from A into B to decompose the calcium 
carbonate. Then close the oj>en tube of -4, and raise the 
contents of the flask i9, to incipient boiling. Then re- 
move the heat ; at the same time, remove the stopper from 
the open tube of J., attach in its place a small calcium- 
chloride tube, containing equal parts of calcium chloride 
and soda Ume, and draw a gentle current of air through 
the apparatus by means of an aspirator. The air should 
not pass more rapidly than at the rate of 3 bubbles in a 
second, or the aspiration be continued longer than is nec- 
essary to clear the apparatus of carbonic acid. The pas- 
sage of half a litre of air Vill eflfect this. The amount can 
be determined by the volume of water that escapes from 
the aspirator. TTie carbonic acid can be sucked out by the 
mouth. If this plan be adopted, the air should be drawn 
through until it no longer tastes of carbonic acid. Alter 
a sufficient volume of air has been drawn through the 
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apparatus to extract the carbonic acid, allow the apparatus 
to cool, remove the aspirator, if one has been used, and 
the calcium-chloride tube from the open tube of flask J., 
and weigh. The difference between this and the first 
weight of the api)aratus is equivalent to the weight of 
carbonic acid. In many cases, the determination of car- 
bonic acid by loss is inadmissible. It such cases, it is 
absorbed in some substance with which it will combine, as 
potassium hydrate or soda-lime. For this purpose, an 
apparatus such as that described by Fresenius in his 
work on Quantitative Analysis (§ 139 e p. 293), under the 
head of carbonic acid, can be used. In making the de- 
termination, do not use more than 0.500 gm. of calcium 
carbonate, as a large quantity necessitates the use of 
large absorption tubes. If soda-lime be used, it is weU 
not to use the tube after more than one half of the con- 
tents have been heated by the carbonic acid. 

For the analysis, weigh the absorption tubes, introduce 
the weighed substance into the decomposing flask, put 
the apparatus together, close the stop-cock of the funnel- 
tube, and attach the aspirator. After the aspirator has 
drawn long enough to produce a partial vacuum in the 
apparatus, introduce about 30 c. c. of dilute nitric acid, 
through the funnel-tube, into the decomposing-flask. As 
soon as all the acid is in, close the funnel-tube. After the 
first violent effervescence has ceased, apply gentle heat to 
the flask, and gradually increase it, until the fluid in the 
flask begins to boil. Then remove the heat, attach the 
guard tube, containing soda lime and calcium chloride, 
open the stop-cock or clamp, and draw air through the 
apparatus, very slowly, untU the absorption tubes are 
cool, or until about 2 litres of air have passed through. 
When the tubes are cool, weigh them. The difference be- 
tween this weight and the first weight of the tubes is 
equivalent to the carbonic acid. The carbonic acid can 
also be determined by introducing a weighed quantity 
into a tube of hard glass, by means of a small platinum 
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boat, and igniting strongly, at the same time, drawing 
througli the tube a current of dried air. Attach to the 
tube a weighed tube, filled with neutral calcium chloride, 
over which carbon dioxide has been passed for some time. 
This will absorb the water, and allow the carbonic acid to 
pass. After the carbonic acid ia expelled from the sub- 
stance, weigh both ,the boat and contents, and also the 
calcium-cliloride tube. The lo3S of weight of the boat 
will be carbonic acid plus water, while the increase of 
weight of tbe calcium-chloride tube wHl be water. The 
difEerence between the weight of carbonic acid and water, 
determined by loss, and the weight of water wiU be that 
of carbonio acid. Not more thaii 0.600 gm. of substance 
should be used. 

HoTK — The apparatus used In the estimation of the csrbonlo add ia repre- 



a coutbioa soda-Ume ; It can be attached to b with a oork. h is proTlded witbi 

■t^Asatap. The flask c baa a capacity of SOO c c. d cootains sulphuric acid. «■ 
containa pumice aatorated with a-di^urlc anid. /contains pamico wb<3li has 
bosn aatnrated with atJntlon of sulphate of copper, and then heated fitronsly IJl! 
all the water has been expelled, g contains aoda-lime and h sulphuric acid oa 
pnmiee. The pnTolce used In this apparatus should ba previously heated with 
strong Gutpbnric acid, waah°d and dried, as it ia liable to contain cblorides and 
fluorides. The loose gnlpburia acid lii the U tubes should not rise above the hand- 

g and h are the onlj pair in the train which are weigbed. Tbey sbotUd ba- 
providad with rnbber tubes, stopped with glasa rod to prevent absorption of 
carbonio aold or uwlstar* from the air. 



CHAPTER IV. 

POTASBITJM J^JuTJ:^. 

AIK{80^^.\2H^0. 
The theoretical composition of potassium alum is : 

A1,0, 10.86 per cent. 

K,0 d.90 " ** 

SO, 88.72 " " 

H,0 45.53 " " 

100.00 

Pulverize 5 or 6 gms. coarsely and quickly, and keep 
the i)owder in a small corked bottle, or specimen tube. 
For the determination of alumina, first weigh the tube, 
and contents ; then shake out a little into a beaker, and 
again weigh the tube, and remaining substance. The 
diminution in weight, of course, shows the amount taken. 
Proceed in this way until about 1 gm. has been trans- 
ferred to the beaker. Pour upon it 100 c. c. of hot water 
and stir ; when all is dissolved, add 2 or 3 c. c. of strong 
hydrochloric acid, and enough ammonia to turn red test- 
paper blue, and emit a slight odor of ammonia. Be 
cautious not to add a large excess, or time will be wasted 
in boiling it out, which will be necessary for the reason 
that aluminum hydrate is somewhat soluble in excess of 
ammonia. Boil until the vapors no longer smell of 
ammonia, and do not turn turmeric paper brown. Allow 
the precipitate to settle, and decant the clear fluid on a 
filter. Then pour 40 or 50 c. c. of boiling water on the 
precipitate, stir, allow it to settle, and decant the clear 
fluid on the filter as before. Repeat this treatment several 
times, and finally transfer the precipitate to the filter, 
with boiling water, and wash with the same, until a few 
drops of the wash- water, acidulated with nitric acid, do 
not show a precipitate of silver chloride when treated with 
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a drop of silver nitrate, or a precipitate of barium sul- 
phate when treated with hydrochloric acid and barium 
chloride. It is unnecessary to begin washing on the filter 
until about 1 00 c. c. have passed through the filter. Test 
the filtrate and washings with litmus paper. If they are 
not alkaline, add ammonia until the fluid is faintly alka- 
line, and heat. Should a precipitate appear, filter it out, 
wash, dry it, and reserve it to be burned with the other. 
When the main precipitate is perfectly dry, ignite it, with 
the smaller one, should there be any, rolled up in the 
filter, in a weighed crucible furnished with a lid, apply- 
ing the heat gently at first, and then intensely, in order to 
expel any adhering sulphuric acid. During the latter 
part of the ignition remove the cover from the crucible, in 
order thoroughly to consume the flJlter. When the filter 
is completely burned, remove the heat, cool and weigh. 
This weight, after deducting the weight of the crucible 
and filter-ash, will be the weight of the alumina. 

For the determination of SOs concentrate the filtrate 
from the alumina to 200 c. c. by evaporation, add hydro- k, 
chloric acid until the fluid is slightly acid, and then add ^ ._ 
12 c. c. of barium chloride solution, prepared by dissolv- h^ 
ing 1 part by weight of crystallized barium chloride in 10 ^\ ^^j 
parts of water. Boil for a few minutes and allow the pre- ^ ^Gif/ 
cipitate of barium sulphate to settle, and proceed as di- 
rected in the analysis of magnesium sulphate. Observe 
the precautions there given, as to washing and purification 
of the precipitate. 

To determine the potassium, add ammonia to the filtrate 
from the barium sulphate until it is slightly alkaline, 
heat to boiling, and add ammonium carbonate as long as 
it produces a precipitate of barium carbonate. When all 
the barium is precipitated, decant the clear fluid on a 
filter, wash by decantation 3 or 4 times, using about 50 
c. c. of hot water each time, transfer the precipitate to the 
filter, and wash it well with hot water, or until 2 or 3 
drops of the wash-water, acidified with nitric acid, show 
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no cloudiness when treated witli silver nitrate. Pour 3 or 
4 funneUuls through the filter before beginning to test. 
When all the potassium chloride is washed out, evaporate 
the filtrate and washings to dryness in a platinum dish, 
and ignite to faint redness, until all the ammonium 
chloride is expelled. This may be ascertained by holding 
over the vessel a clean cold clock-glass. The non-appear- 
ance of a white coating on the glass indicates the absence 
of ammonium chloride. Dissolve the residue in about 25 
c. c. of warm water, filter the solution into a small porce- 
lain dish, and wash with hot water, testing the wash- water 
with silver nitrate, as directed above, to be sure that all 
potassium chloride is washed out. When the filter and 
contents are sufficiently washed^ add to the fluid 2 drops 
(. of concentrated hydrochloric acid and 8 c. c. of platinum 

' I , tetrachloride solution, prepared by dissolving 1 part by 
weight of platinum tetrachloride in 10 parts of water, and 
evaporate to a pasty consistency, on a water-bath. Then 
pour into the dish about 50 c. c. of alcohol, of about 85 
per centa without removing the dish from the bath, and 
heat for two or three minutes. Then wash the contents of 
the dish into a small flask, marked Ay with alcohol of 85 
per cent, and cork it immediately, to avoid the possibility 
of absorption of ammonia from the air of the laboratory, of 
which there is frequently great danger. After the potas- 
sium platiao-chloride has entirely settled, and the fluid 
shows by its color that a sufficient amount of platinum 
tetrachloride has been added, pour off the clear fluid into 
another flask, marked 5, as completely as possible with- 
out transferring any of the precipitate, cork it, and allow 
it to stand long enough for any particles of potassium 
platino-chloride, which may have passed over with the 
fluid from flask A, to subside. Then pour into the first 
flask, J., 20 or 30 c. c. of 85 per cent alcohol, cork it, and 
after agitating it gently set it aside, until the contents of 
the flask B are disposed of. Pour the contents of B iato 
a dish, add about 10 c. c. of water, and proceed to evapo- 
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rate oflE the alcohol on a water-bath. Should there be any 
particles of the precipitate in the fluid, first pour off as 
much as possible into the dish, without disturbing the 
precipitate, and evaporate it as above, and pour the rest, 
with the precipitate, on a filter. Add this filtrate to the 
fluid already evaporating. Keep the funnel covered with 
a glass while filtering. After all the fluid has thus been 
transferred to the dish for evaporation, pour upon the 
same filter the contents of flask A, washing the precipitate 
into the filter with 85 per cent alcohol. Dry the filter 
and contents in an air-bath at 100*^ C. Ignite the dry pre- 
cipitate, rolled up in th6 filter, in a weighed crucible, 
applying the heat very gently at first, and keeping the 
crucible covered until the filter-paper is charred. Then 
remove the cover from the crucible, and ignite at a higher 
degree of heat, until the filter is entirely consumed. 
Allow the crucible to cool, add a little oxalic acid, heat 
gently at first, until the water of crystallization of the 
oxalic acid is expelled, and then more intensely until the 
acid is decomposed, and all the carbon consumed. Cool 
the crucible, and wash by decantation with hot water as 
long as the wash-water becomes turbid from formation of 
silver chloride, when treated with silver nitrate. By this 
means, the double chloride is decomposed, and all the 
potassium and chlorine washed out, leaving only spongy 
platinum. Heat alone fails to decompose the comi)ound 
completely. 

After the platinum is sufficiently washed, dry the cru- 
cible and contents, and ignite until every thing is con- 
sumed but spongy platinum. Cool, and weigh. Deduct 
from this weight, that of the crucible and filter-ash. The 
remainder will be the weight of platinum. From this, 
calculate the per cent of potassium or of potassium oxide. 

After all the alcohol has been exi)eUed from the original 
filtrate by evaporation, as directed above, add 1 c. c. of 
platinum tetrachloride solution, and a very smaU quantity 
of pure sodium chloride; continue the evaporation to 
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pasty consistency, treat with, alcohol, and proceed as 
directed for the treatment of the main precipitate. Should 
any more potassium platino-chloride be obtained, treat it 
as above, and add the per cent to that of the main pre- 
cipitate. The sodium chloride tends to prevent the de- 
composition of the platinum chloride, while evai)orating 
the alcoholic solution. 

Instead of igniting the dry precipitate of potassium 
platino-chloride, it may be weighed as such. In this case, 
filter through an exhausted filter ; that is, one which has 
been previously washed with hydrochloric acid, and then 
with water until aU the acid is removed from the paper. 
Then dry the filter between watch-glasses, held together 
by a clip. After weighing the glasses, clip, and paper to- 
gether, previously dried at 100*^ C, transfer the filter to a 
funnel, and filter the solution through it. Dry the filter 
and precipitate first in the funnel at 100"^ C. Then place 
them between the glasses, secure the glasses by means of 
the clip, dry again at 100^ C, cool, and weigh. The in- 
crease in weight will be that of the precipitate of potas- 
sium platino-chloride. Prom this, calculate the per cent 
of potassium. This method is tedious and objectionable 
where a small quantity of potassium platino-chloride is 
to be dealt with. If great care is exercised in preparing 
and drying the filter, it may be adopted where a large 
amount of potassium is to be determined. 

For the determination of water, weigh about 1 gm. 
shaken from the tube, as directed above, into a weighed 
crucible, heat to 250° C, cool, and weigh. Repeat the 
heating and weighing until the substance ceases to lose 
weight. The loss of weight is equivalent to the weight of 
water expelled. From this, calculate the per cent of 
water. 



CHAPTER V. 

CALCIUM FLUORIDE. 

• CaFh. 
The theoretical composition is : 

Ca 51.28 per cent. 

M 48.73 * •• 



100.00 

Introduce into a weighed platinum crucible 1 gm. of 
the finely-powdered mineral, mix it, by means of a coarse 
platinum wire, with pure concentrated sulphuric acid, to 
the consistence of paste ; add enough more acid to make 
the mixture semi-fluid, place the crucible with the cover 
on, in an inclined position on a support, and heat with a 
Bunsen burner, allowing the flame to strike the edge of 
the crucible and lid. Continue heating until all the sul- 
phuric acid is expelled, and the calcium converted into 
sulphate, cool, weigh, and calculate the weight of calcium. 
The difference between the weight of calcium and the 
weight of mineral taken is equivalent to the weight of 
fluorine expelled. From these data, calculate the per cent 
of calcium and fluorine. 

There are various methods for determining fluorine, 
varying in complexity vrith the character of the sub- 
stances treated. It was suggested by Berzelius (Rose, p. 
883) to distill the fluoride of silicon from substances that 
could be decomposed by sulphuric acid, by heating with 
this acid, adding powdered sUica if necessary, in a retort 
of lead or platinum, delivering into a vessel of water. The 
acid used must be pure and concentrated, the sUica pure 
and in the form of very flne powder, and the metallic tube 
connected with the retort must dip into mercury iust far 
enough to prevent the point from coming in conLct with 



32 CALCIUM FLUOBIDE. 

the water, or the separated silica will clog it. The fluoride 
of silicon, when it comes in contact with the water, is 
decomposed into silica, which separates, and hydro-flno- 
siUcio acid, which goes into solution. Filter out the silica, 
wash it well, dry, and weigh it. To the acid fluid 
containing hydro-fluosilicic acid, Rose (75. p. 883) adds 
potassium chloride and alcohoL The potassium silico- 
fluoride is collected on a weighed filter, washed with 
dilute alcohol, consisting of equal parts of alcohol and 
water, dried at 100° C, and weighed. The fluorine calcu- 
lated from the silica, and from the precipitate of potas- 
sium silico-fluoride, will together give the per cent in the 
substance. 

3SiI^^ + 3^20 = B^SiOs + 2n^8iF^, 

To determine the fluorine in substances insoluble in 
water, and not decomposable by acid, Berzelius {Vid. 
Fres. Quanta § 166a) fused the substance with 4 parts 
of sodium carbonate at a strong red heat, digested the 
mass in water, boiled, filtered, and washed, first with 
boiling water, then with a solution of ammonium car- 
bonate. The filtrate will contain all the fluorine as 
sodium fluoride, together with carbonate, silicate, and 
aluminate of sodium. The filtrate is to be mixed with 
ammonium carbonate, and the mixture heated, the am- 
monium carbonate which evaporates being replaced. 
The aluminium hydrate and silicic acid is then filtered oflf 
and washed with ammonium carbonate. The filtrate is 
then heated until the ammonium carbonate is completely 
expelled, and the fluorine determined. Rose suggests a 
modification of Berzelius' s treatment after reaching this 
point, which is as follows : Add a solution of calcium 
chloride as long as a precipitate continues to form. When 
the precipitate, which consists of calcium fluoride, and 
calcium carbonate, has subsided, it is washed, first by 
decantations, afterward on the filter, and dried. When 
dry, it is ig lited in a platinum crucible. Water is then 
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poured oyer it, in a platimim or porcelain dish, acetic 
acid added in slight excess, the mixture evaporated to 
dryness on a water- bath, and heated on the latter until 
all odor of acetic acid disappears. The residue, which 
consists of calcium fluoride and calcium acetate, is heated 
with water, the calcium fluoride- filtered off, washed, dried, 
ignited, and weighed. If the precipitate of calcium 
fluoride and calcium carbonate were treated with acetic 
acid, without previous heating, the washing of the fluor- 
ide would be very difficult. Prom the weight of the 
calcium fluoride, calculate the per cent of fluorine. 
See H. Rose, Anal. CTiem.y chapter on Fluorine, p. 767, 



CHAPTER VL 

POTASSIUM IODIDE. 

4 

KL 

The theoretical composition is : 

K 28.545 per cent. 

1 76.456 •* " 



100.000 

To determine the potassium, dissolve 1 gm. of the salt 
in about 10 c. c. of water, in a small porcelain dish, add 
2 or 3 c. c. strong nitric acid, and evaporate to dryness on 
the water-bath, to expel the iodine. It may be necessary 
to repeat this operation in order to drive out the last traces 
of the iodine. Take up with about 20 c. c. of water, add 
1 c. c. strong hydrochloric acid, and proceed as directed 
in the analysis of potassium alum. 

To determine the iodine, weigh carefully 0.250 gm. of 
the salt, transfer it to a parting flask, add warm water, an 
excess of silver nitrate and nitric acid, and proceed as 
directed in the analysis of barium chloride, for the deter- 
mination of chlorine, care being taken to add excess of 
silver nitrate before adding the nitric acid. 

The iodine can also be determined with great accuracy 
by precipitating it, as palladium iodide, in a solution of 
the salt, slightly acidified with hydrochloric acid, warm- 
ing gently and allowing the whole to stand for about 24 
hours, to give the precipitate ample time to form and 
settle. It is better finally to ignite the precipitate, and 
from the metallic palladium calculate the iodine. 

See Fres., § 145 — 1 — ^b, p. 311, and H. Rose, chapter on 
Iodine, p. 824. 



CHAPTER VIL 

potassiitk bbomxde. 

KBt. 

The theoretical composition of the salt is : 

K 32.885 per cent 

Br 67.165 



(< «< 



100.000 

For the determination of the potassium, proceed exactly 
as in the previous analysis of potassium iodide, or boil 
with dilute chlorine water until the bromine is exx>elled, 
and then proceed. 

The bromine is determined as silver bromide, in the 
same manner as chlorine is determined as silver chloride, 
in the analysis of barium chloride. 

See H« Rose, Anal. CUiem.^ chapter on Bromine^ p. 815, 
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CHAPTER VIIL 

HYDRO-DISODIUM PHOSPHATE, 

Na^HP0^yl2H^0. 

The theoretical composition of hydro-disodium phos- 
phate is : 

NaaO l'?.3!3 per cent. 

P.O. 19.83 *' •* 

H,0....... 62.85 ♦• " 

I. I Ml 

100.00 

Select 4 or 5 gms. of the crystals which have lost no 
water by efflorescence, break them up quickly into a 
coarse powder, and keep the powder in a small, well- 
corked bottle or large specimen tube, and weigh the 
portions required for analysis as directed in the case of 
potassium alum. 

Perhaps a better plan is to dissolve about 6 gms. in 100 
c. c. of water, transfer the solution to a 250 c. c. flask, 
dilute to the holding mark, and mix the fluid well by 
pouring several times from the flask into a beaker and 
back. Then draw from the flask with a pipette the quan- 
tity required for analysis, and cork the flask to prevent 
evaporation of the fluid. 

For the determination of sodium, dissolve about 1 gm. 
of the salt in about 60 c. c. of water, or take an equivalent 
amount from the solution of a large quantity. Then dis- 
solve about 0.600 gm. piano-forte wire in 80 c. c. dilute 
hydrochloric acid, add 3 c. c. of strong nitric acid, and 
boU. Then concentrate the solution until nearly all free 
acid is expelled, dilute with 10 c. c. of water, and add the 
solution to that of the sodium phosphate. To the com- 
bined solutions add ammonia in excess, and heat to 
boiling. Then remove the heat, and allow the precipitate 
to settle. When the precipitate has settled thoroughly, 
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and the supernatant fluid become colorless, filter off the 
clear fluid, and wash the precipitate three or four times, 
using 50 or 60 c. c. of hot water each time. Then transfer 
the precipitate to the filter, and wash again with hot 
water, until the washings show only a slight opalescence 
upon addition of silver nitrate and nitric acid. In testing 
the washings, use only 3 or 3 drops each time. The 
precipitate will contain all the phosphoric acid, combined 
with the ferric oxide, and may be rejected. Evaporate 
the filtrate and washings to dryness on a water-bath. Just 
before the point of dryness is reached, add dilute hydro- 
chloric acid, little by little, until the fluid is slightly acid 
to test-paper. By delaymg the addition of the acid until 
nearly aU the ammonia is exi)elled by the evaporation, 
there will be less ammonium chloride to bum out, and less 
danger of loss of sodium chloride by ignition. Continue 
the evaporation, and, when the mass is perfectly dry, ignite 
gently until vapor of ammonium chloride ceases to be 
evolved. Cool, dissolve in a little boiling water, and filter 
into a weighed platinum dish ; washing the filter until a 
tew, drops of the wash-water do not give a precipitate of 
silver chloride, when treated with silver nitrate. Then 
evaporate the filtrate to dryness, ignite gently, and weigh 
the sodium chloride. Prom this weight, calculate the per 
cent of soda. The ignited sodium chloride should be 
white and perfectly soluble in water. If it is not, filter 
the solution, wash the insoluble residue, evaporate the 
filtrate and washings to dryness, ignite, and weigh again. 
For the determination of phosphoric acid, take 1 gm. of 
the salt, weighed as directed in the analysis of potassium d 
alum, or a portion of a solution of larger quantity equiva- v. 
lent to 1 gm. If 1 gm. of the solid salt is taken, dissolve \ 
it in 60 c. c. of cold water, acidify the solution with hy- 
drochloric acid, and then make it slightly alkaline with 
ammonia. When the solution is cool, add 12 c. c. of 
* ' magnesia mixture, ' ' and set it aside for some hours. The 
"magnesia mixture" is prepared by dissolving 1 part by v 

V, 
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weight of crystallized magnesium sulphate and 1 jyart by 
weight of ammonium chloride in 8 parts of water and 4 
parts of ammonia. After the precipitate of ammonio- 
magnesium-phosphate has entirely settled, filter, wash 
with dilute ammonia until the wadiings give no reaction 
for sulphuric acid, and place the funnel containing the 
precipitate in an air-bath to dry* Reserve the filtrate for 
some hours. Should another precipitate api)ear, filter it 
out on the smallest-sized filter, wash it with 20 or 30 c. c. 
of dilute ammonia, dissolve it through the filter with a 
little dilute hydrochlorio acid into a small beaker, and 
make the solution alkaline with ammonia. If the ammo- 
nia produces a precipitate, filter it out, wash it with dilute 
ammonia, dry, and ignite with the main precipitate of 
ammonio-magnesium-phosphate. Ignition converts this 
into magnesium pyrophosphate. Prom this, after weigh- 
ing and deducting the weight of the crucible and filter-ash, 
calculate the per cent of PaOg. It sometimes happens 
that, in precipitation of phosphoric acid by means of 
magnesia mixture, • some magnesium hydrate is precipi- 
tated with the phosphate. When there is reason to sus- 
pect that such has been the case, from the flocculent 
appearance of the precipitate, dissolve the ignited precipi- 
tate of pyrophosphate in a little hydrochloric acid, dilute 
slightly, add a few drops of nitric acid, and boil gently 
lor about an hour, renewing the fluid from time to time. 
By this means, the pyrophosphoric acid will be converted 
into the tribasic acid again. Then make the fluid alkaline 
with ammonia. The ammonio-magnesium-phosphate will 
be precipitated free from magnesium hydrate, and is to be 
treated as directed above. It is necessary to convert the 
pyrophosphoric or tetrabasic into the tribasic acid before 
adding the ammonia, as the pyrophosphate is soluble to 
an appreciable extent in ammonia water. 

For the determination of the water, weigh 1 gm. of the 
phosphate in a boat made of platinum foil. Introduce the 
boat into a tube of hard glass about 8 or 10 inches long, 
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snch as is used for combustion in organic analysis. One 
end of this tube is closed by a cork, through which passes 
a short piece of smaller glass tubing, while the other end is 
drawn out to a long point, bent at a right angle to the body 
of the tube. Insert the point into an ordinary calcium 
chloride tube previously filled and weighed, letting it pro- 
ject a short distance through the cork. This arrangement 
is designed to afford an uninterrupted passage of the water 
from the ignition-tube into the calcium chloride, and allow 
the application of heat very near the extreme point of the 
ignition-tube, to drive all the water into the absorption- 
tube containing anhydrous calcium chloride. Connect 
the cork for the other end of the ignition-tube by 
means of rubber with another tube containing cal- 
cium chloride. This latter is intended to dry the air 
drawn through the apparatus. After the boat containing 
the substance is introduced into the ignition-tube, insert 
the cork, attach the weighed absorption-tube to the point, 
connect the other end of the absorption-tube by means of 
rubber tubing with an aspirator, and proceed to draw a 
gentle current of air through the apparatus. Then apply 
heat to the ignition-tube suflBicient to expel the water. 
When this is all drawn into the absorption-tube detach 
the aspirator, allow the apparatus to cool, and weigh the 
absorption-tube. The increase in weight will be equiva- 
lent to the weight of water. From this, calculate the per 
cent as usual. 



CHAPTER IX. 

AMMOKIO-FEEEIO SULPHATE, OR AMMONIA lEOIT ALTTM. 

The theoretical composition of the salt is : 

FeaOa 16. 60 per cent. 

SOa 88.30 " " 

NH, 8.52 " " 

H,0 * 46.68 " " 

100.00 

Select 8 or 10 gms. of crystals which have not lost water 
by efflorescence; break them into small pieces or coarse 
powder, and keep for analysis in a small, well-corked bot- 
tle. Consult analysis of hydro-disodium phosphate. 

For the determination of the ferric oxide by precipi- 
tation, take as nearly as possible 1 gm. weighed in the 
manner directed in the analysis of potassium alum, or an 
equivalent amount from the solution of a larger quantity, 
if the plan suggested in the analysis of hydro-disodium 
phosphate be adopted. 

If 1 gm. of the solid salt be weighed, dissolve it in 100 
c. c. hot water and 1 c. c. dilute hydrochloric acid. When 
the solution is complete, add ammonia (little by little) 
until the fluid is slightly alkaline, and heat to boiling. 
Then remove the heat and aUow the precipitate to settle ; 
decant the clear fluid through a filter, pour upon the pre- 
cipitate 50 c. c. hot water, stir, allow the precipitaie to 
settle, and pour the clear fluid through the filter as before. 
Rei)eat this washing by decantation three times. Then 
transfer the precipitate to the filter with hot water, and 
wash with hot water until the washings give no precip- 
itate when treated with barium chloride solution. Dry 
the precipitate thoroughly, and remove it from the filter 
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by invertmg the latter on a clock-glass, and rubbing the 
filter between the fingers. By this means, nearly all of the 
precipitate can be removed from the filter, without any 
danger of loss by brushing. After removing the precip- 
itate as cleanly as possible, bum the filter in a weighed 
crucible, after adding a few drops of nitric acid. When 
the carbon of the filter is completely consumed, brush the 
precipitate into the crucible, and ignite again, keeping it 
covered until all danger of decrepitation is pajst. Then 
remove the cover, and heat to a bright red heat. After 
heating intensely for some minutes, remove the heat, cool 
the crucible and contents in a desiccator, and weigh. 
From this weight, we obtain the per cent of Fe208 by de- 
ducting the weight of crucible and filter-ash. If the con- 
tents of the crucible should look black, moisten with a 
few drops of nitric acid, evaporate off the excess of acid 
carefully, ignite, cool, and weigh again. 

For the determination of the SOa acidulate the filtrate 
from the ferric hydrate, and proceed as in the analysis of 
magnesium sulphate. 

To determine the ferric oxide by ignition, introduce 
about 1 gm. of the salt into a previously- weighed crucible, 
and heat gently, and then gradually increase the heat to 
the highest point attainable over a blast-lamp. Cool and 
weigh. Repeat untU the weight becomes constant. The 
expulsion of the sulphuric acid can be facilitated by intro- 
ducing into the crucible a piece of pure ammonium car- 
bonate about the size of a pea, covering the crucible, 
and heating moderately until the ammonium carbonate is 
volatilized, and then strongly, as before. Only ferric 
oxide wiU be left. Calculate the per cent as usual. 

Of the various methods suggested for the determination 
of iron volumetrically, it is unnecessary to notice more 
than two, namely, that turning upon the use of potas- 
sium permanganate, and that in which potassium bichro- 
mate is employed. 

The first method, known as Marguerite's, depends upon 
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the fact that a solution of potassium permanganate, 
which is intensely colored, loses its color when dropped 
into a solution of ferrous oxide, giving up a portion of its 
oxygen, and being decomposed into salts of manganese 
and potassium, until the ferrous is completely converted 
into ferric oxide. The moment this conversion is complete, 
the permanganate imparts color to the fluid. 

The analysis requires a standard solution of potassium 
permanganate, that is, one the value of which is known. 

To prepare this solution, dissolve 6.500 gms. of pure 
"^^ , crystals of potassium permanganate in 1 litre of distilled 
water, with frequent agitation to insure complete solution, 
' ' - if possible. After this, allow the fluid to stand for 24 
"^i., hours, and siphon oC into another vessel the perfectly 
clear solution, and close this tightly with a stopi)er, pref- 
erably of glass. 

There are several methods of standardizing the solution 
of potassium permanganate. Of these, only two will be 
described as reliable, namely, by means of iron, or by oxalic 
acid. Of these, the former (the method proposed by 
Marguerite) is the better one. Use for the purpose fine 
piano-forte wire, which contains 99.7 per cent of iron. 
^, Dissolve 0.200 gm. of the wire — previously cleaned with 

sand-paper to remove oxide, glaze, and dirt — in a small 
valved flask, with 25 or 30 c. c. of dilute sulphuric acid, 
by the aid of gentle heat ; introducing into the flask, 
with the wire, a small crystal of sodium carbonate, about 
as large as a hemp-seed ; by which means the atmospheric 
air will be displaced by carbonic acid, thus preventing 
the formation of ferric oxide during the solution. When 
the iron is dissolved, allow the flask and contents to cool 
slowly. Do not attempt to hurry the cooling by the ap- 
plication of any cold substance, as the sudden formation 
of a partial vacuum may crush the flask and scatter the 
contents. 

A very convenient kind of valve for the flask in which 
the iron wire is dissolved is the Kroonig valve, described 
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by Mohr in Ms TitrirToetThode (5tli ed., 1877, p. 183), 
wMch is made of a piece of thick rubber tubing, about 
one and a half inches long, one end of which is forced 
over a short glass tube, passing through the cork into 
the neck of the flask, while the other end is closed by a 
short piece of glass rod. The rubber tube has a longi- 
tudinal slit cut in it between the end of the piece of glass 
rod and the glass tube. When the pressure is internal, 
the slit opens, allowing the gas and vapor to escape, and 
it closes when the pressure is external, owing to the cool- 
ing of the flask, thus preventing the entrance of oxygen. 

When the contents of the flask are cool, empty them 
into a large beaker, wash the flask well, adding the wash- 
ings to the solution, and dilute with distilled water to 
about 700 c. c. Then drop in the solution of potassium 
permanganate to be standardized, slowly, from a Gay- 
Lussac burette, with constant stirring, until the color 
(which disappears rapidly at first, and then more gradu- 
ally) finally becomes permanent, and remains so for one. 
minute. The final color should be a light pink. Note 
carefully the quantity of potassium permanganate used, 
and calculate the value of 1 c. c. thus : Suppose 19.2 c. c. 
of the permanganate solution to be sufficient to oxidize 
the solution of 0.200 gm. of iron wire, or 0.1994 gm. of 
pure metallic iron (as the wire is assumed to contain 99.7 
per cent of the latter) ; consequently, 1 c. c. of the per- 
manganate solution will represent 0.01038 gm. of metallic 
iron, or 0.01483 gm. of ferric oxide. (Fres., Quant. ^ §112, 
p. 194.) 

To standardize the potassium permanganate solution by 
means of oxalic acid, dissolve 6.300 gms. of pure crystal- 
lized oxalic acid in 1 litre of water. Take 50 c. c. of the 
solution, equivalent to 0.315 gm., and dilute with about 
100 c. c. of water. Add 6 or 8 c. c. pure concentrated 
sulphuric acid, and heat to about 60° C. Add permangan- 
ate solution from a Gay-Lussac burette, until it imparts 
a permanent color, as directed in the* previous method. 
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By comparing the equations representing the reactions, it 
will be seen that the same quantity of potassium perman- 
ganate is required to oxidize 1 molecule of oxalic acid, 
whose molecular weight is 126, or 2 atoms of iron (in the 
form of monoxide), whose molecular weight is 112. Thus, 
the following represents the oxidation of iron, 

10FeSO4+8H2SO4+K2Mn9O8=5Fea(SO08+2MnSO^-fKaSO4 

+8HA 
while the next one represents the oxidation of oxalic acid, 

SCHAO*. 2H20)+3H2S04+K2Mn808= 10CO2+2MnSO4+K2 

SO4+I8H2O ; 

consequently, 126 : 112=0.315 : 0.280. In other words, 
the 0.315 gm. of crystallized oxalic acid contained in the 
50 c. c. of solution taken as directed above, represents 
0.280 gm. of metallic iron ; and the quantity of perman- 
ganate solution required to oxidize 0.315 gm. of oxalic 
acid will oxidize 0.280 gm. of metallic iron. Suppose 27 
c. c. of the permanganate solution to be required to 
oxidize the 0.315 gm. of oxalic acid, then 1 c. c. will be 
equivalent to 0.01037 gm. of metallic iron, or the result of 
dividing 0.280 by 27. The objection to the use of oxalic 
acid for standardizing potassium permanganate is the 
uncertainty of procuring a perfectly normal acid. 

Whichever method of standardizing the permanganate 
solution is adopted, it is necessary to make more than one 
trial. Should the quantities of permanganate required in 
two trials not differ by more than one tenth of a cubic centi- 
metre, the average of the two may be taken as correct. 
Should a greater difference than this occur, more trials 
must be made to obtain consistent results. 

To determine the ferric oxide, weigh about 4 gms. of 
the ammonio-ferric sulphate, observing the precautions 
suggested before, transfer the substance to a flask holding 
600 c. c, add about 200 c. c. of warm water and 2 or 3 c. c. 
of sulphuric acid. . When all is dissolved, cool, and dilute 
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with cool water to the holding mark. Pour the solution 
into a dry beaker, and stir well. Divide the fluid into 
two equal portions, by filling a dry 260 c. c. flask with a 
portion of it, to the holding mark, emptying the flask 
into a reducing bottle, washing the flask, and adding the 
wash-water to the other. If the flasks agree, one haU 
will have been transferred to the bottle ; and that remain- 
ing in the beaker, together with that adhering to the 
larger flask, will compose the other half. This, with the 
washings of the beaker and flask, is to be transferred to 
another reducing bottle of similar size. Place in each of 
the bottles a piece of amalgamated zinc, and a piece of 
platinum f oU about three quarters of an inch wide and 
four inches long, flU with water to the shoulders, cover 
with watch-glasses, and aUow to stand for 24 hours. A 
strong current of gas should be induced by contact 
between the zinc and platinum. When the foil is new, it 
sometimes fails to produce the desired effect. In such a 
case, heat it in a strong solution of potassium hydrate, to 
remove oily matter ; scour the surface with coarse sand, to 
roughen it, and wash it. Should the foil still act badly, 
wet the surface with a little nitro-hydrochloric acid, to re- 
move the polished surface, and wash it with water. The 
zinc used should be amalgamated ; otherwise, as it usually 
contains iron, in dissolving, it wiU impart iron to the solu- 
tion. It has been found by experiment that amalgamated 
zinc will not give up the iron alloyed with it, to the solu- 
tion to be reduced, until nearly, if not quite, all the zinc is 
dissolved. 

A very good bottle for reducing the ferric oxide is about 
two and a half inches wide, and six inches high, with a 
wide mouth. 

After the ferric is reduced to ferrous oxide, empty one 
of the bottles into a large beaker, wash it well with water, 
adding the washings to the solution ; add 2 or 3 c. c. pure 
sulphuric acid, dilute to about 700 c. c, and titrate with 
the permanganate solution in the same manner as directed 
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for standardizing. The number of c. c. of potassium per- 
manganate used, multiplied by the standard, gives the 
weight of metallic iron in the solution treated. From this, 
calculate the per cent of ferric oxide. 

The two titrations should not differ more than two 
tenths of a c. c. If they do, another determination should 
be made. 

The other method of determining iron volumetrically, 
9^- . by the use of potassium bichromate, is preferable when 
the iron is in hydrochloric acid solution. The following 
equation, 6FeCl2+K2Cr207+14HCl=3Pe8Cl6+2KCl+Cr2 
'^*t Cle+7H20, shows that 1 eq., or 295.18 parts of potassium 
bichromate, wIU convert 6 eq., or 336 parts of iron, to the 
ferric state. Then, if 14.759 gms. of potassium bichromate 
are dissolved in 1 litre of water, 1 c. c. of the solution will 
be equivalent to 0. 0168 gm. of iron. Before using the potas- 
sium bichromate, it should be fused, and cooled under a 
desiccator. The solution of bichromate should be stand- 
ardized with piano-forte wire, as directed before for potas- 
sium permanganate, dissolving 0.200 gm. in 30 c. c. of 
dilute hydrochloric acid. After the solution is cool, pour 
it into a beaker, dilute, and drop in from a burette the 
bichromate solution, constantly stirring with a glass rod» 
The solution will soon turn green. Should it turn brown, 
add more hydrochloric acid. When it becomes dark 
green, place a drop on a white plate, and combine it with 
^NaL- a drop of solution of potassium ferricyanide, which will 

-^^w . turn it blue. The solution of potassium ferricyanide 
should not be too strong, or it will give a red precipitate. 
As the oxidation by the potassium bichromate advances, 
the blue color produced by the solution of iron will 
become faint. Note the number of c. c. of bichromate 
solution used, and finish with one only one tenth as strong. 
When the tests no longer produce a blue color, the oxida- 
tion is complete. From the number of c. c. used calculate 
what 1 c. c. is equivalent to. 

For the analysis, reduce the hydrochloric acid solution 
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of the salt with zinc and platinum, as directed before, 
titre with the bichromate solution, and from the number 
of c. c. used, and the known value of 1 c. c, calculate the 
iron. 

For the determination of the ammonia, weigh about 
1 gm. of the substance, and introduce it into a small tubu- 
lated retort, the tubulure of which is fitted with a tight 
caoutchouc stopper, through which passes a funnel tube, 
provided with a stop-cock. The kind called "thistle 
tube" is the best. The neck of the retort is connected 
with a piece of glass tube, of about the same size, and 
about 10 inches long, by means of a short piece of large 
rubber tube, stretched over both, and firmly tied. The 
glass tube is previously contracted by heat at the end 
nearest the retort, and filled with clean broken glass. The 
other end is fitted with a caoutchouc stopper, through 
which passes a small glass tube, turned down, so as to 
enter a small fiask holding about 200 c. c, and passing 
through the stopper nearly to the bottom of the flask. 
This tube has blown on it a large bulb, to prevent reces- 
sion of the fluid from the flask into the retort, in case of 
sudden contraction of the contents of the latter. Through 
the stopper of the flask also passes the point of an 
ordinary calcium chloride tube, filled with broken glass. 
Connect the apparatus, fasten the retort in a holder, with 
the neck inclined slightly upward, at the same time sup- 
porting the tube connected with it and filled with clean 
broken glass, and run into the flask, through the calcium 
chloride tube, enough dilute hydrochloric acid, of about 
1.050 sp. gr. to slightly cover the point of the tube con- 
necting the flask with the retort. Then introduce into the 
retort, through the funnel tube, enough water to dissolve 
the ammonio-fenic sulphate. When this is dissolved, 
run in through the funnel tube 20 or 30 c. c. of a concen- 
trated solution of potassium hydrate, little by little. Then 
close the stop-cock and apply gentle heat, gradually in- 
creasing it, until the fluid in the retort boUs. Continue 
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the boiling for 15 or 20 minutes. When the ammonia is 
exi)elled, open the stop-cock of the funnel-tube, and draw 
a little air through the apparatus. Then disconnect it, 
wash the tube connecting the flask with the large tube 
attached to the retort into a small porcelain dish, and at 
the same time run water through the calcium tube into 
the flask, and pour the contents into the dish, washing the 
flask well. Add to the contents of the dish an excess of 
platinum tetrachloride, and proceed as directed in the 
analysis of potassium alum. Great caution must be exer- 
cised in igniting the ammonium platino-chloride, or loss 
will be incurred by fine particles of platinum being carried 
oft by the ammonium chloride. Rose directs that the 
covered crucible be subjected to a low heat for a long time, 
untU the filter is completely charred, and that then a 
gradually-increasiag heat be applied to the uncovered cru- 
cible, resting on its side, with the lid resting against the 
mouth. The fusion with oxalic acid, and the accompany- 
ing washing, are not required in this case, as the double 
chloride is easily decomposed and reduced to spongy 
platinum by heat alone. From the weight of spongy 
platinum, calculate the per cent of NHg. 



Note.— In determining iron by Marguerite's method, the presence of HQ 
must be avoided, especially if the solution is at all warm, since the permangan- 
ate under these circumstances will react upon the HCl, affording chlorine. Thus : 

KsMn,0e + 16HC1 = 2KC1 + SBinQ, + 8H,0 + lOCl. 

Some of the chlorine may convert the ferrous salt present into the ferric, but 
some wUl usually escape, and the results obtained will consequently be higher 
than the truth. 
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CHAPTER X. 

FELDSPAE. 

The following analyses, taken from Dana' s Mineralogy 
show the composition of ordinary feldspar : 

Orthoclase. Albiie. 

Silica 64.25 66.46 

Alumina ; 18.80 20.74 

Ferrous Oxide 0.54 

Lime 1.20 0.71 

Magnesia 0.74 

Soda 2.40 9.98 

Potash 12.44 1.80 

^ Loss by ignition. 0.30 

99.39 99.97 

Pulverize 3 or 4 gms. of the feldspar very fine, in an 
agate mortar, and keep the powder in a small, corked 
bottle. Fnse over a blast-lamp 1 gm. of this, carefully 
weighed, in a 2-oz. platinum crucible, intimately mixed 
with about 5 gms. of flux, composed of equal parts of 
potassium and sodium carbonates. The combined car- 
bonates make a much more fusible flux than either alone. 
Examine the crucible occasionally, and, when the contents 
are fused so to flow when the crucible is inclined, move 
it about, after laying the cover aside in a convenient place, 
in such a way as to cause the contents to coat the sides, 
instead of cooling in a solid mass at the bottom, and dip 
it, while still hot, into a beaker of cold water, to about 
half of its depth. Hold it in the water for a few seconds, 
remove it, and, after the lapse of a few more seconds, dip 
it again. Repeat this treatment until the crucible and 
contents are cool enough to immerse without spattering. 
Then lay the crucible on its side in the beaker, which 
should be just large enough to permit this, and have in it 
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a sufficient quantity of water barely to cover the crucible. 
Then put the lid also in the beaker, and, after placing a 
convex glass over it, allow it to stand until the fused mass 
is sufficiently softened to be removed from the crucible. 
Owing to the contraction and expansion caused by this 
treatment, the mass can frequently be removed at once 
from the crucible in thin cakes. The object of using as 
small a beaker and as little water as possible is to avoid 
the evaporation, afterward, of an unnecessary quantity of 
fluid. Should the contents of the crucible be difficult to re- 
move in this way, the operation may be hastened by digest- 
ing on a water-bath, occasionally moving the crucible with 
a glass rod, and replacing the water lost by evaporation. 
Under no circumstances should an effort be made to re- 
move the mass by force, as in doing so there is great 
danger of injuring the crucible. After removing the sub- 
stance from the crucible, place the latter, with the cover, 
in another vessel, pour on them a little dilute hydrochloric 
acid, to dissolve any adhering particles, and wash them 
with water. Pour this solution cautiously into the vessel 
containing the fused feldspar, keeping it covered with a 
glass, to prevent loss by effervescence, and add more 
hydrochlorio acid, if necessary, a little at a time. When 
the fluid is acid, heat until all carbonic acid is ex- 
pelled. Then, if the mineral is entirely decomposed, 
transfer all to a casserole, and evaporate on a water-bath 
to dryness. Then heat in an air-bath at a temperature of 
from 100^ to 110° C. until the odor of hydrochloric acid 
disappears. Should there be any undecomposed mineral, 
allow it to settle, decant the clear fluid into a casserole, 
and begin to evaporate it as above. In the mean time, add 
some strong hydrochloric acid to the residue, and heat to 
dissolve it if possible. Should it dissolve, add the solution 
to the first one. Should it not dissolve, dilute with a 
little water, filter, wash, and add the filtrate to the prin- 
cipal solution. Dry the insoluble residue, bum it with 
the filter in a platinum crucible, fuse it with about five 
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times its weight of mixed carbonates, as in the first case, 
and treat as directed above. Repeat the treatment until 
the feldspar is all decomposed. Undecomposed mineral 
can be detected by the rapidity with which it settles to 
the bottom of the fluid, and by feeling hard and gritty 
when pressed by a glass rod, while separated silica rises 
readily in the solution when agitated, settles slowly, and 
offers no resistance to the rod. After the mass is thor- 
oughly dried, moisten it with 20 c. c. dilute hydrochloric 
acid, heat at a temperature just below boiling for 20 or 30 
minutes, and dilute with 60 c. c. hot water ; every thing 
should now be in solution except the silica. Now filter 
out the silica, wash it with hot water until the washings 
give no reaction for chlorine, when treated with silver 
nitrate, and dry the precipitate on the filter, at a temper- 
ature of from 100"* to 110° C. When the silica is perfectly 
dry, invert the filter in a weighed platinum crucible, stand- 
ing on a sheet of glazed paper, roll the filter gently 
between the fingers in such a way as to remove the con- 
tents from the paper to the crucible, and, without lifting 
the filter from the crucible, fold it and press it carefully 
down upon the silica. After brushing into the crucible 
any particles that may have fallen on the paper, put on the 
cover, and ignite at first at a heat not more than sufficient 
to char the paper. Continue the low heat as long as 
smoke emerges from the crucible. After all volatile 
matter has been expelled, incline the crucible on the sup- 
port, and gradually raise the heat to the highest point 
attainable by means of a good burner, keeping the cover 
on for a few minutes. Finally, remove the cover, and con- 
tinue heating tintU the carbon of the filter is consumed 
and the silica is white. Then cool the crucible and con- 
tents in a desiccator, weigh, and calculate the per cent of 
silica, which still retains, perhaps, a little alumina. After 
weighing, moisten the contents of the crucible with pure 
concentrated sulphuric acid, add about 1 gm. of ammonium 
fluoride, which leaves no residue after ignition, incline the 
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crucible on the support, replace the cover, and apply the 
heat of a burner in such a way that the flame will strike 
the edge of the crucible and lid. When the sulphuric 
acid is expeUed, heat the whole crucible strongly, cool, and; 
weigh it. Repeat this treatment untU the crucible ceasea 
to lose weight. The loss represents silica expeUed as 
silicon fluoride. If any thing remains in the crucible, 
fuse it with a little acid potassium, or sodium sulphate, 
cool, moisten with sulphuric acid, and heat again, until 
the mass becomes fluid. Finally, cool and dissolve in 
water, and add the solution to the filtrate from the silica. 

Rapid ignition in the first instance, wiU cause loss of 
silica, as its particles, being very minute and light, are 
liable to be carried oflf by the gases expelled from the 
filter-paper by combustion, and also by the vapor of the 
water remaining in the silica itself after drying, since all 
moisture can not be expelled from it by drying at a 
temperature which wiU not destroy the fibre of the filter. 

To determine the alumina, add to the filtrate from the 
silica, ammonia until the fiuid is slightly alkaline, and pro- 
ceed as directed in the analysis of potassium alum. 

If there be any oxide of iron in the feldspar, it will be 
found in the precipitate of alumina, in which case fuse 
the ignited precipitate with pure potassium hydrate, pre- 
ferably in a silver crucible, digest the fused mass until it 
is reduced to a pulverized form, and entirely removed 
from the crucible, which is to be washed and removed. 
Digest again, untU the alumina is dissolved in the alkaline 
fluid, and only ferric hydrate remains. Filter, wash well, 
dry, ignite, and weigh the ferric oxide. Its weight, de- 
ducted from the known weight of alumioa and ferric 
oxide combined, gives the weight of the alumina ; or the 
alumina may be determined directly by acidifying the 
alkaline solution with hydrochloric acid, then making it 
alkaline with ammonia, boiling, and determining the 
alumina as before, as directed in the analysis of potas- 
sium alum. 
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To determine the ferric oxide by titration, fuse the 
ignited precipitate of alumina containing ferric oxide, 
with 6 or 8 times its weight of acid potassium sulphate, 
until the second molecule of sulphuric acid is expelled ; 
cool, add a volume of pure concentrated sulphuric acid 
equal to that of the fused mass, heat again carefully, 
until the contents of the crucible become fluid. Then 
cool, place the crucible in a vessel of hot water, and digest 
over heat until the sulphates are dissolved, llien reduce 
with zinc and platinum, and titrate with potassium per- 
manganate, as directed in the analysis of ammonio-ferric 
sulphate, and calculate the per cent of ferric oxide. If 
this method is adopted, the alumina is, of course, to be 
determined by difference. 

To determine the lime and magnesia, treat the filtrate 
from the precipitate of alumina and ferric oxide as 
directed in the analysis of limestone. 

The best method of determining the sodium and potas- 
sium is that of Professor J. Lawrence Smith {Am. Jour. 
Sci. and Arts, Vol. I., 1871, p. 269) for separating the 
alkalies from silicates. The method is described in his 
own words : " The silicate is to be well pulverized in an 
agate mortar ; for the analysis I take i gm. or 1 gm. ; the 
former is most commonly used, as being sufficient, and 
best manipulated in the crucible used ; a gramme, 
however, may be conveniently employed. The weighed 
mineral is placed in a large agate mortar, or, better, in a 
glazed porcelain mortar, of i to 1 pint capacity. Weigh 
out an equal quantity of granular sal-ammoniac (a centi- 
gramme more or less is of no consequence), put it in the 
mortar with the mineral, rub the two together intimately ; 
after which, add 8 parts of carbonate of lime, in three or 
four portions, and mix intimately after each, addition ; 
empty the contents of the mortar completely upon a piece 
of glazed paper, that ought always to be under the 
mortar, and introduce into the crucible. The crucible is 
tapped gently \ipon the table and the contents settled down. 
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"It is then clasped by a metallic clamp in an inclined 
position, or it is placed in the support referred to in the 
latter part of this article, leaving outside about i or f 
inch ; a email Bunsen burner is now placed beneath the 
crucible, and the heat brought to bear just about the top 
of the mixture, and gradually carried toward the lower 
part, until the sal-ammoniac is completely decomposed, 
which takes about 4 or 6 minutes ; heat is then applied in 
the manner suggested, either with the blast or with the 
burner referred to, acting by its own draught, and the 
whole kept up to a bright red heat for about from 40 to 60 
ii^inutes. It is well to avoid too intense a heat, as it may 
vitrify the mass too much. The crucible is now allowed 
to cool, and when cold, the contents will be found to be 
more or less agglomerated, in the form of a semi-fused 
mass. A glass rod, or blunt steel point, will most com- 
monly detach the mass, which is to be dropped into a 
platinum or porcelain capsule, of about 150 c. c. capacity, 
and 60 or 80 c. c. of distilled water is added. In the course 
of a longer or shorter space of time, the mass will slake 
and crumble after the manner of lime ; still better, this 
may be hastened by bringing the contents of the capsule 
to the boiling-point, either over a lamp or water-bath. At 
the same time, water is put into the crucible, to slake out 
any small particles that may adhere to it, and, subse-* 
quently^ this is added to that in the capsule, washing oflf 
the cover of the crucible also. 

"After the mass is completely slaked, the analysis may 
be proceeded with, although, as a general thing, I prefer 
to allow the digestion to continue 6 or 8 hours, which, how- 
ever, is not necessary. If the contents of the crucible are 
not easily detached, do not use unnecessary force, as the 
crucible may be injured by it, but fill the crucible to 
about two thirds of its capacity with water, bring almost 
to the boiling-point, and lay it in the capsule, with the 
upper portion resting on the edge ; the lime will slake in 
the crucible, and then may be washed thoroughly 
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into the dish, and, as before, the cover is to be 
washed oflf. 

" We have now, by this treatment with water, the ex- 
cess of lime slaked into a hydrate, and some of the lime, 
combined with the silica and other ingredients of the sili- 
cate, in an impalpable form ; in solution there is the excess 
of the chloride of calcium formed in the operation, and 
all the alkalies originally contained in the mineral as 
chlorides, and all that now remains to be done is to filter, 
separate the lime as carbonate, and we have nothing left 
but the chlorides of the alkalies. To do this I proceed as 
follows : 

' ' Throw the contents of the capsule on a filter (the size 
preferred for the quantity above specified is one 3 to 3i 
inches in diameter), wash well, to do which requires about 
200 c. c. of water ; the washing is executed rapidly. The 
contents of the filter (except in those cases where the 
amount of the mineral is very small, and there is no more 
for the estimation of the other constituents) is of no use, 
unless it be desired to heat again, first adding a little sal- 
ammoniac to see if any alkali still remains in it, a precau- 
tion I find unnecessary. The filtrate contains, in solution, 
all the alkalies of the mineral, together with some chloride 
of calcium and caustic lime ; to this solution, after it has 
been placed in a platinum or porcelain capsule, is added a 
solution of pure carbonate of ammonia (equal to about 1^ 
gms. is required). This precipitates all the lime as car- 
bonate ; it is not, however, filtered immediately, but is 
evaporated over a water-bath, to about 40 c. c, and to 
this we add again a little carbonate of ammonia, and a 
few drops of caustic ammonia, to precipitate a little lime 
that is re-dissolved by the action of the sal-ammoniac on 
the carbonate of lime. Filter on a small filter (2 inches), 
which is readily and thoroughly washed with but a little 
water, and the filtrate allowed to run into a small beaker 
glass. In this filtrate are all the alkalies as chlorides, and 
a little sal-ammoniac ; add a drop of a solution of carbon- 
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ate of ammonia, to make sure that no lime is present. 
Evaporate over a water-bath in a tared platinum dish, in 
which the alkalies are to be weighed ; the capsule used is 
about from 30 to 60 c. c. capacity, and during the evapora- 
tion is never filled to more than two thirds its capacity. 
After the filtrate has been evaporated over the water- 
bath to dryness, the bottom of the dish is dried, and, on a 
proi)er support, heated very gently, by a Bunsen flame, to 
drive off the little sal-ammoniac. It is weU to cover the 
capsule with a piece of thin platinum, to prevent any 
possible loss by the spitting of the salt after the sal-am- 
moniac has been driven off. Gradually increasing the 
heat, the temperature of the dish is brought up to a point 
a little below redness, the cover being off (the cover can be 
cleansed from any sal-ammoniac that may have condensed 
by heating it over the lamp). The capsule is again 
covered, and when sufficiently cooled, before becoming 
fully cold, is placed on the balance and weighed. This 
weight gives, as chlorides, the amount of alkalies contained 
in the mineral. If chloride of lithium be present, it is 
necessary to weigh quickly ; for this salt, being very de- 
liquescent, attracts moisure rapidly. It not unfrequently 
occurs that the chlorides, at the end of the analysis, are 
more or less colored with a small quantity of carbon, 
arising from certain constituents in carbonate of am- 
monia ; the quantity is usually very minute, and in no 
way affects the accuracy of the analysis. In selecting 
pure carbonate of ammonia for analytical purposes, it is 
well to select specimens that are not colored by the action 
of light. It only now remains to separate the alkalies by 
the known methods." 

The crucible and burner employed by Professor Smith 
in separating the alkalies from silicates are of his own de- 
vising, and excellent for the purpose. A description and 
drawing of them will be found in Crooke's Select Methods ^ 
p. 409, in the chapter on decomposition of silicates. 

To separate the sodium and potassium and determine 
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tlLem, dissolve the combined chlorides (after weighing 
them) in 20 or 30 c. c. of warm water. Should the solu- 
tion be complete, transfer the solution to a small porcelain 
dish, add 3 or 4 drops of hydrochloric acid, and as much 
solution of platinum tetrachloride as contains an amount 
of the salt equiTalent in weight to four times that of the 
combined chlorides present, and detennine the potassium 
as directed in the analysis of potassium alum. Should 
the combined chlorides not go completely into water solu- 
tion, filter, evaporate the filtrate in a platinum dish as 
before, and proceed as directed above. The solution in 
water must be complete. Any insoluble residue can not be 
alkaline chloride, and as the sodium is estimated by dif- 
ference, it would falsify the results. Deduct the weight 
of potassium found, calculated to potassium chloride, 
from the weight of the combined chlorides. The differ- 
ence will be sodium chloride. Calculate the per cent of 
KgO and JfagO. 

Ignite 1 gm. of feldspar, and from loss calculate per cent 
of moisture and organic matter. 

Lithium is sometimes found in feldspar. When such is 
the case, it is to be looked for in the solution of the alka- 
line chlorides. 

Make the solution slightly acid, evaporate to dryness at 
120° C, add a mixture of equal parts of absolute alcohol 
and anhydrous ether, wash into a flask with the same, 
digest for 24 hours, shaking occasionally, decant on a 
filter, and treat with smaller quantities of the mixture of 
alcohol and ether. Finally, wash on the filter, with the 
same mixture, until the residue gives no evidence of the 
presence of lithium before the spectroscope. {Pogg. An- 
nal,^ 60j 79.) 

As some sodium and potassium chlorides may be dis- 
solved with the lithium chloride, evaporate off the alcohol 
and ether at low heat, just to dryness, and treat the im- 
pure lithium chloride in the same way. Should any res- 
idue of sodium and potassium chloride be left undis- 
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solved, filter it out, and add it to the first one. To the 
alcoholic solution add 20 or 30 c. c. of water, and boil out 
the alcohol and ether, add to the solution a sufficient 
quantity of pure sodium phosphate, and enough pure 
sodium hydrate to keep the reaction alkaline, and 
evaporate the mixture to dryness ; pour water over the 
residue, in sufficient quantity to dissolve the soluble salts 
with the aid of a gentle heat, add an equal volume of am- 
monia, digest at a gentle heat, filter after 12 hours, and 
wash the basic phosphate of lithia with a mixture of equal 
volumes of water and ammonia. Evaporate the filtrate 
and washings to dryness, and treat the residue in the same 
way as before. Should any more lithium phosphate be 
obtained, add this to the principal quantity. Dry the pre- 
cipitate, brush it from the filter as perfectly as possible 
into a clock-glass, bum the filter in a weighed crucible, 
add the precipitate, and ignite again, at a moderate red 
heat. Cool and weigh the basic lithium phosphate (Lis 
PO4). 

Dissolve the residue of sodium and potassium chlorides 
in water, and treat as before for the determination of 
sodium and potassium, when no lithium is present. 



CHAPTER XL 
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The stone may contain lime, magnesia, iron, alumina, 
silica, carbonic acid, sulphur, phosphoric acid, water, and 
organic matter, also manganese, chlorine, fluorine, alkalies, 
and even other constituents in minute quantities* The 
lime may exist as carbonate or sulphate, the magnesia as 
carbonate or silicate, the iron as sulphide (pyrites) or 
oxide, and the silica as quartz or as silicic acid combined 
with bases. 

The more common constituents, and those required to 
be determined for technical purposes, are Ume, magnesia, 
alumina, iron, silica, carbonic acid, phosphoric acid, 
and sulphur. 

For an analysis of this character, dry a few gms. of the 
finely pulverized stone, to constant weight at 150® C, and 
keep it in a stoppered bottle. Weigh 1 gm. of the dry 
powder, transfer it to a small beaker, add 20 c. c. of water, 
cover the beaker with a convex glass, add 5 c. c. of con- 
centrated hydrochloric acid, 1 c. c. of concentrated nitric 
acid, and heat slowly to boiling. Filter, and wash with 
30 or 40 c. c. of hot water, and proceed at once to evapo- 
rate the filtrate and washings over a water-bath. Dry the 
filter and any undissolved residue, ignite them in a small 
platinum crucible until the carbon of the filter is entirely 
consumed, add 1 or 2 gms. sodium carbonate, and 0.100 
gm. sodium nitrate, and fuse until the contents of the 
crucible are fluid. Remove the fused mass from the cru- 
cible with water, dissolve off any adhering particles with 
hydrochloric acid, and add the solution to the vessel con- 
taining the principal contents of the crucible, keeping it 
covered to avoid loss by effervescence, also adding more 
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hydrochloric acid if necessary to render the solution acid. 
Boil out free carbonic acid, and combine with the principal 
solution on the water-bath. Evaporate all to dryness, 
transfer to an air-bath, and heat at a teifiperature of about 
110° C. until the odor of hydrochloric acid disappears. 
Then add 1 c. c. of concentrated hydrochloric add, and 20 
(^ ' V c. c. of water, heat to incipient boiling, dilute with 60 c. c. 

V- ^ ' of water, filter, and wash with hot water, until the wash- 

ings show no turbidity when treated with silver nitrate 
(using only 2 or 3 drops of the wash-water at a time^ and 
not beginning to test until 40 or 50 c. c. of it have passed 
through the filter). Dry the funnel and contents in an 
air-bath, at a temperature of about 110® C, ignite in a 
weighed crucible (observing the precautions given in the 
analysis of feldspar), cool, and weigh the silica. 
To the filtrate from the siKca, add ammonia to alkaline 
^^ V reaction, to precipitate the aluminum and ferric hydrates, 
^A.^^ boil out excess of ammonia, allow the precipitate to settle, 

decant the clear fluid on a filter, and, as some lime and 
magnesia may be carried down by the precipitate of 
hydrates, dissolve it in the beaker, with as little dilute 
hydrochloric acid as possible, re-predpitate by adding a 
slight excess of ammonia, and boiling as before. Filter, 
wash, dry, and weigh the alumina and ferric oxide 
together. Consult analysis of potassium alum, and that 
of ammonia-iron-alum. 

If it be desired to determine the alumina and ferric oxide 
separately, proceed as directed in the analysis of feldspar. 
' ' Should the filtrate and washings from the hydrates ex- 

ceed 100 c. c, concentrate to that bulk, if possible, and 
add 1 c. c. of ammonia. If the ammonia produce a pre- 
cipitate other than aluminum or ferric hydrate, acidify the 
solution with hydrochloric acid, boil for a minute, and 
then make it alkaline again with ammonia. This is done 
to introduce a sufficient amount of ammonium chloride to 
prevent the precipitation of magnesium hydrate. Then 
add 40 c. c. of a solution of ammonium oxalate (pre- 




'^ ^ 



LIME — ^MAGHOJSIA. 61 

pared Tby dissolving 1 part of the oxalate in 24 parts of 
water), enough to precipitate all the lime as oxalate, and 
convert the magnesia also into oxalate, which remains in 
solution. Fresenius says this excess is absolutely indis- 
pensable to insure complete precipitation of the lime, as 
calcium oxalate is slightly soluble in magnesium chloride, 
not mixed with ammonium oxalate. (See his Experiment 
No. 92, p. 600.) After adding the ammonium oxalate, 
heat just to boiling and allow the fluid to stand undis- 
turbed for some time. After the precipitate has settled 
perfectly, decant the clear fluid through a filter, wash by 
decantation once with about 25 c. c. of hot water, and 
set this filtrate aside as filtrate No. 1. Then dissolve the f^. 
precipitate of calcium oxalate (mixed with a little mag- 
nesium oxalate) in the beaker, with as little hot dilute 
hydrochloric acid as possible. Should any of the precipi- 
tate have passed over on the filter, wash it back into the 
acid solution, dilute, if necessary, to about 60 c. c. with 
hot water, make alkaline with ammonia, add 5 or 6 c. c. 
of ammonium oxalate solution, stir, and allow the precipi- 
tate to settle. When it has perfectly subsided, filter 
through the previous filter, transfer the precipitate to the 
same, wash it thoroughly with hot water, and determine 
the lime as directed in the analysis of calcium carbonate. 

The first filtrate contains the larger portion of the mag- 
nesia, and the second the remainder. (See Fres., Experi- 
ment No. 93, p. 600. ) Acidify the second filtrate and wash- 
ings with hydrochloric acid, concentrate to small bulk, and 
add it to the first. Do not attempt to concentrate the first 
filtrate. 

To determine the magnesia, make the combined filtrates 
from the calcium oxalate alkaline with ammonia;, if not ^ 
already so, add 30 c. c. of the ordinary solution of hydro- ^ q 
disodium phosphate, and determine the magnesia as ^ ' 
directed in the analysis of magnesium sulphate. 

To insure the recovery of aU the magnesium, either 
evaporate the filtrate from the magnesium phosphate to 
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dryness, in a platinum dish, bum out the ammonium 
chloride, dissolve the residue in water containing a few 
drops of hydrochloric acid, and proceed as in the first in- 
stance ; or, concentrate to small volume, add 4 or 5 c. c. 
strong nitric acid, evaporate to dryness, add 4 or 5 c. c. 
strong hydrochloric acid, evaporate nearly dry, dissolve 
in water, and determine magnesium as before. 

(See J. Lawrence Smith, in Am. Chem,^ Vol. III., p. 201.) 
f^^ ^_ Determine the carbonic acid by one of the methods 

given in analysis of calcite ; or, if the stone contains no 
organic matter, fuse 4 gms. vitrified borax in a platinum 
crucible, cool and weigh, then transfer 1 gm. of pulverized 
and well-dried stone to the crucible, and weigh again. 
Then heat gradually to redness, and bontinue until all is 
fused ; cool and weigh. The loss of weight is carbonic 
acid. (See Fres., § 139.) 

To determine the sulphur, dissolve 6 gms. in a mixture 
of 15 c. c. of strong hydrochloric acid, 5 c. c. of strong 
nitric acid, end 10 c. c. of water, in a covered casserole, 
heat to boiling, and when effervescence ceases, remove the 
cover, add 10 c. c. strong hydrochloric acid, and evaporate 
to dryness to expel nitric acid. Then add to the dry mass 
1 c. c. of concentrated hydrochloric acid and 60 c. c. of 
water, and heat just to boiling. Filter out any residue, 
and wash with about 50 c. c. of hot water. Nearly neu- 
tralize the filtrate with ammonia, add 2 c. c. of barium 
chloride solution (containing 1 part of the salt in 10 
parts of water), treat the precipitate of barium sulphate 
as in the analysis of magnesium sulphate, and calculate 
the sulphur. 

To determine the phosphoric acid, dissolve 6 gms, of the 
stone in 10 c. c. of strong nitric acid, and 30 c. c. of hot water, 
in a casserole covered with a convex glass. When effer- 
vescence ceases, remove the cover, and evaporate to dry- 
ness. To the dry mass add 5 c. c. of strong nitric acid^ 
and 50 c. c. of water, and boil. Then filter, wash with 
about 50 c, c. of water, nearly neutralize with ammonia, 
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add 25 c. c. of molybdio acid solution, and allow to stand 
for some hours in a warm place. Should a yellow precip- 
itate appear, filter it out, and wash it with molybdic acid 
solution (diluted with an equal volume of water). Dis- 
solve the precipitate through the filter into a small beaker 
with the smallest possible amount of dilute ammonia, add 
2 c. c. of magnesium mixture, and proceed as directed in 
the analysis of hydro-disodium-phosphate. Should a 
second precipitate appear in the filtrate from the first pre- 
cipitate of phospho-molybdate, filter it out and treat it in 
the same way. Calculate the "per cent of phosphoric acid, 
as in analysis of hydro-disodium-phosphate. 

It is well after dissolving the precipitate of phospho- 
molybdate in ammonia, to let the solution stand for some 
hours, to allow the silica to separate from any silico-molyb- 
date that may possibly be present, before adding the , 
magnesium mixture. Should any silica be deposited, by 
the decomposition of silico-molybdate in the ammoniacal 
solution, filter it out, add the magnesium mixture, and 
proceed as above. 

To determine the water, as some may remain after dry- 
ing the limestone at 150® C, proceed as directed in the 
analysis of hydro-disodium phosphate, weighing it after 
absorption in calcium chloride. 

To determine the organic matter the same method can 
be followed as that suggested for the determination of 
carbonic acid, in anhydrous carbonates, by fusion with 
borax. (See Fres., § 139 — ^11. — c.) The loss of weight will 
be carbonic acid, water, and organic matter. The differ- 
ence between this and the sum of the weights of carbonic 
acid and water previously determined will be the weight 
of organic niatter. Of course, the fusion with borax must 
be carefully done, and the determination of carbonic acid 
and water be accurate, to give correct results. 

Another method is, to dissolve 15 or 20 gms. of the 
limestone in dilute hydrochloric acid, heat it gently to 
expel carbonic acid, filter out any undissolved residue 
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through ignited asbestos, wash it well with water^ dry it, 
transfer it, with the asbestos, to a platinum boat, intro^ 
duce the boat into a combustion-tube of hard glass 
containing oxide of copper, and ignite it in a current of 
dry oxygen, absorbing the resulting carbonic acid, and 
from it calculating the carbon, 58 parts of which, accord- 
ing to Petzholdt, correspond to 100 parts of humus. (See 
Jour.f. Prakt. Chem.^ LXIIL, 194.) 

To determine barium, strontium, and manganese, evapo- 
rate to dryness the filtrate from the residue used for the 
determination of organic matter, and heat in an air-bath 
at 100° C, until the odor of hydrochloric acid disappears. 
Then moisten with hydrochloric acid, digest with hot 
water, filter, and wash. The residue will consist of 
siUca, and perhaps baryta, and strontia in the form of 
sulphates ; while the filtrate will contain the manganese, 
with other constituents of the limestone. ; \, 

Expel the silica from the residue with amnionium 
fluoride and sulphuric acid, in the manner described in 
the analysis of feldspar. If any residue remain, fuse 
it with sodium carbonate, digest with hot water, filter, 
and wash well. Barium and strontium will remain on the 
filter as carbonates. Dissolve them through the filter 
with dilute hydrochloric acid, nearly neutralize the solu- 
tion with ammonia, and add a few drops of sulphuric 
acid, and allow to stand for some hours. Should a pre- 
cipitate of barium sulphate, and perhaps strontium sul- 
phate form, filter it out and wash it, and allow the filtrate 
and washings to run into a small fiask. Then stop the 
point of the funnel, fill the filter with a strong solution of 
ammonium carbonate, and aUow it to stand for 12 hours. 
By this means, the strontium sulphate will be converted 
into carbonate, while the barium sulphate will be 
unattacked. Kemove the plug from the point of the 
funnel, allow the fluid to run into the flask with the first 
filtrate, wash with hot water, and run dilute hydrochloric 
acid through the filter into the flask ; the object of using 
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which is to prevent loss by effervescence by the contact of 
the acid with the solution of alkaline carbonate below. 
Finally, wash with water, dry the filter and contents,^ and 
determine the barium sulphate as usuaL 

To the combined filtrates in the flask add ammonia and 
ammonium carbonate, and if a precipitate of strontium 
carbonate forms,, filter it through a very small filter, wash 
with dilute ammonia, dry, ignite, and weigh the 
strontium carbonate. Be careful to clean the filter well, 
and ignite.it separately. (See Fres., §§ 72 and 102.) 

To the flrat filtrate from the silica, baryta, and strontia 
add a few drops of nitric acid, boil, dilute, nearly neu- 
tralize with sodium carbonate, add excess of sodium 
acetate, boil and filter out the ferric hydrate, alumina and 
phosphoric acid, wash slightly, concentrate to small bulk, 
filter again if necessary, mn the solution, rendered 
alkaline by a few drops of ammonia, into a small flask, 
nearly fill the flask, add freshly-prepared ammonium 
sulphide, cork the flask, and set it aside for 24 hours for 
the manganese sulphide to precipitate. When the man- 
ganese sulphide has entirely settled, decant off the clear 
fluid into a beaker, not on a filter, wash by decantation into 
a beaker 3 or 4 times, with water containing ammonium 
sulphide and a little ammonium chloride, and then on a 
filter with the same. Then transfer the moist precipitate 
to a small beaker, add hydrochloric acid, warm until the 
mixture smells no longer of hydrogen sulphide, dilute 
slightly, filter, and wash carefully. Then heat the fluid 
to boiling, remove the heat, add solution of sodium car- 
bonate until the fluid is distinctly alkaline, boil until the 
carbonic acid is expelled, filter, wash with hot water until 
the washings are not alkaline to test-paper, dry, ignite, 
cool, and weigh the manganous-manganic oxide (MngO*), 
and calculate the manganous oxide (MnO). 

To determine the chlorine, dissolve 40 or 50 gms. of the 
limestone in nitric acid, filter, if necessary, and determine 
the chlorine as directed in the analysis of barium chloride. 



66 LIMEST0I5rE. 

To determine the fluorine, dissolve 40 or 60 gms. of the 
limestone in acetic acid, filter, and in the residue determine 
the fluorine, by fusing and proceeding as directed in the 
analysis of calcium fluoride. 

To determine the alkalies, dissolve about 20 gms. of the 
mineral in hydrochloric acid, add chlorine water and heat 
for a short time. Should there be any residue, filter it 
out and decompose it by J. Lawrence Smith's method, 
given in analysis of feldspar. Combine the filtrate, 
which may contain some alkali, with the main solution. 
Then add ammonia in slight excess, and ammonium car- 
bonate, and allow the solution to stand for several hours ; 
after this, filter, wash, evaporate the filtrate and washings 
to dryness, in a platinum dish, and expel the ammonia 
salts by igniting to a point just below redness. Dissolve 
in water, add solution of barium hydrate, until the fluid 
is decidedly alkaline, filter and wash well, and add to the 
filtrate solution of ammonium carbonate as long as it pro- 
duces a precipitate, allow the fluid to stand for a short 
time, filter out the barium carbonate, and wash it until 
the washings do not render silver nitrate turbid. Then 
evaporate the filtrate in a weighed platinum dish, after 
adding a drop of hydrochloric acid, ignite to faint redness, 
cool, and weigh the mixed chlorides of the alkalies. It is 
well to dissolve in water, and repeat the treatment with 
barium hydrate and ammonium carbonate, and again 
evaporate and weigh. Separate the alkalies, and deter- 
mine them as directed in analysis of feldspar. 
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CHAPTER XII. 

CLAY. 

Clay is derived principally from the decomposition 
of feldspar, or rather feldspathio rocks, and varies in 
composition and color, on account of varying quantities 
of feldspar sand (or feldspar reduced to a granular condi- 
tion and not decomposed), quartz in the form of sand, 
lime, magnesia, oxide of iron, and manganese. Some- 
times oxide of titanium and other minerals in small 
quantities are found. * 

The kinds of clay more commonly kaown are common 
brick clay, ordinary pottery clay, slate, fire-clay, and 
kaolin or porcelain clay. The diflEerence between them is 
due less to the character of the constituents than to their 
relative quantity. 

It is sometimes necessary to make a mechanical 
analysis by separation of the coarse from the fine parts. 
For description of methods, and of apparatus, consult 
Jour. f. Prdkt CJiem.^ XLVII., 241, and Am. Jour. Set. 
cfe Arts^ 3d series, VI., 288. 

For the chemical analysis dry 20 or 30 gms. of the 
finely-pulverized clay at a temperature of 100° 0. to con- 
stant weight, and keep the powder in a well-corked bottle. 

The loss of weight in drying will be equivalent to the 
water. 

Fuse 1 gm. of the dry powder with a mixture of equal 
parts by weight of sodium and potassium carbonates, and 
proceed exactly as directed in the analysis of feldspar, 
for the determination of silica, oxide of iron, alumina, 
lime, and magnesia. 

After weighing the silica, expel it by Rose' s method, 
with ammonium fluoride, and test any residue which 
remains qualitatively for titanium. Should any be 



68 CLAY. 

detected, fuse 5 gms. of the feldspar with sodium 
fluoride and acid sodium sulphate, as directed in partial 
analysis of iron ore, bring into cold water solution, add 
excess of potassium hydrate, filter out the precipitated* 
titanium dioxide, wash, dry, transfer the precipitate to a 
capacious platinum crucible, bum the filter and add the 
ash, and fuse all with 10 or 13 times the weight of acid 
sodium sulphate. Cool and digest with concentrated sul- 
phuric acid. When the mass is cool, dissolve it in cold 
water, and precipitate the titanium dioxide by boiling. 
(Compare analysis of titanif erous iron ore, Note 7. ) 

For the determination of manganese and other con- 
stituei^ts, consult analysis of limestone. 

Determine the alkalies as in analysis of feldspar. 

To ascertain how much of the silica found exists in com- 
bination with the bases of the clay, how much as hydrated 
acid, and how much as quartz sand, or as a silicate 
present in the form of sand, proceed as follows. (Compare 
Fres. Quant. Anal., 5th ed. 1865, §236.) 

Let A represent silica in combination with bases of the 
clay. 

Let -B represent hydrated silicic acid. 

Let G represent quartz sand, and silicates in the form of 
sand, e. g., feldspar sand. 

Dry 2 gms. of the clay at a temperature of 100^ C, heat 
with sulphuric acid, to which a little water has been 
added, for 8 or 10 hours, evaporate to dryness, cool, add 
water, filter out the undissolved residue, wash, dry, and 
weigh (A-\-B-\-C). Then treat it with sodium carbonate as 
directed by Rose, p, 923. Transfer it, in small portions at 
a time, toa boUing solution of sodium carbonate contained 
in a platinum dish, boil for some time, and filter off each 
time, stUl very hot. When all is transferred to the dish, 
boil repeatedly with strong solution of sodium carbonate, 
until a few drops of the fluid, finally passing through the 
filter, remain clear on warming with ammonium chloride. 
Wash the residue, first with hot water, then (to insure the 
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removal of every trace of sodium carbonate which may 
still adhere to it) with water slightly acidified with hydro- 
chloric acid, and finally with water. This will dissolve 
{A+B\ and leave a residue (O) of sand, which dry, ignite, 
and weigh. 

To determine (B) boil 4 or 5 gms. of the clay (previously 
dried at 100° C.) directly with a strong solution of sodium 
carbonate, in a platinum dish as above, filter and wash 
thoroughly with hot water. Acidify the filtrate with 
hydrochloric acid, evaporate to dryness, and determine 
the silica as usual. It represents (B) or the hydrated 
silicic acid. 

Add together the weights of (B) and (C), thus found, 
and subtract the sum from the weight of the first residue 
(A+^B+O). The difference will be the weight of (A) or 
the silica in combination with bases of the clay. 

If the weight of (A-^-B-^C) found here be the same as 
that of the silica found by fusion in a similar quantity, in 
the analysis of the clay, the sand is quartz, but if the 
weight of {A-\'B-{-C) be greater, then the sand contains 
silicates. 

The weight of the bases combined with silica to silicates 
can be found by subtracting the weight of total silica 
found in 1 gm. in the regular analysis, from the weight of 
{A+B+C) in 1 gm. 



r 





'^vi 



V.:. 



CHAPTEE XIIL 

MAKGANE3E ORE. 

If it is required to determine the amonnt of metallic 
manganese that an ore will yield, dissolve 1 gm. of the 
ore (finely pulverized, and previously dried by exposure 
in an air-bath, to a temperature of 100® C. for 6 hours), in 
a mixture of about 10 c. e. of concentrated hydrochloric 
acid, 2 c. c. of strong nitric acid, and 10 c. c. of water, in 
a small flask. When the ore is decomposed, filter out the 
insoluble residue, which should be light colored, and wash 
well. Pour filtrate and washings into a flask, of a capacity 
of at least 1 litre, add a saturated solution of crystallized 
sodium carbonate, little by little, until tho fluid becomes 
dark red in color, but remains clear, thus showing that 
not quite all the free hydrochloric acid is neutralized. 
Then add a solution of about 6 gms. of sodium acetate, 
dilute to 600 c. c. , heat to boiling, and continue boiling for 
6 minutes. Then remove the heat, allow the precipitate 
of basic acetates of iron and alumina to settle, filter hot, 
and wash slightly. 

The water required to remove the precipitate from the 
flask to the filter will be sufficient to wash it. Begin at 
once to evaporate the first filtrate, and while doing so, dis- 
solve the precipitate in as little hot hydrochloric acid as 
possible, pour the solution back into the flask, repeat the 
precipitation in the same way, filter, and wash moderately. 
Add this filtrate to the first one, and concentrate both to 
700 c. c. if possible. It is better to use a capacious porce- 
lain dish for the purpose. To this concentrated solution, 
add sodium carbonate, untU a slight permanent precipitate 
is formed, and then acetic acid until it is dissolved. Heat 
to boiling, remove the heat, add bromine water until the 



solution has a decided color, and continue to heat to a 
point just below boiling, until the fluid becomes colorless. 
Remove the heat, allow the precipitate to settle, add a 
little more bromine water carefully, so as not to disturb 
the precipitate, and heat again, as before, until tho fluid 
loses the bromine color. Continue this treatment until 
the bromine no longer produces a precipitate. Filter out 
the precipitate of manganese oxide, wash slightly, and, to 
be sure that the filtrate contains no manganese, neutralize 
it again with sodium carbonate, acidify it with acetic acid, 
and proceed as before. When the manganese oxide is all 
precipitated, transfer, with a spatula, as much of the 
precipitate as possible from the filters to a small 
beaker, dissolve what oxide may remain on the filters by 
pouring hot dilute hydrochloric acid through them into 
the beaker, and heat to eflPect solution. Heat the 
solution to incipient boiling, remove the heat, add solution 
of sodium carbonate until the fluid is alkaline, and boil 
until carbonic acid is expelled. Usually, boiling for 6 or 
10 minutes will effect this. Then, filter out the manganese 
carbonate, and wash with hot water until the washings do 
not turn reddened litmus-paper blue. To test this, hold a 
narrow strip of the paper against the point of the funnel, 
so as to bring it in contact with the washings, as they run 
through. Finally, dry the precipitate, ignite it in a 
weighed crucible, cool, and weigh the manganoso-man- 
ganio oxide (MuaO*), and calculate the manganese. After 
weighing, it is well to ignite the precipitate, and weigh, 
again. If the precipitate is very small, it may be ignited, 
rolled up in the filter. 

If the ore contains very little iron oxide, the method of 
neutralizing the acid solution with sodium carbonate until 
it becomes dark red, cannot be followed, as there may not 
be sufficient iron to give the color. In such a case, add 
solution of sodium carbonate until a very slight permanent 
precipitate ^s formed, and then hydrochloric acid, drop by 
drop, until the solution is slightly acidj and, finally, a sola* * 
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tion of about 6 gms. of sodium acetate, and then proceed 
as directed above. 

If the ore contains silicate of manganese, fuse with 
sodium carbonate, and then dissolve in acid, and proceed 
as above. 

In all cases where the acid fails to decompose the ore, 
leaving a dark residue, it is better to decompose the 
residue by fusion, dissolve the fused mass in add, and add 
the solution to the principal one. 

If the ore is completely decomposed by acid in the first 
instance, only a white, pulverulent, siliceous residue 
should be left. 

The commercial value of manganese ore depends chiefly 
upon the quantity of chlorine it will yield when treated 
with hydrochloric acid. 

By available oxygen is meant the excess of oxygen over 
the 1 atom combined with manganese to form monoxide, 
and, as only half of the oxygen of manganese dioxide is 
available, 16 parts of oxygen are equivalent to 87 parts of 
manganese dioxide, and, as in the decomposition of 1 
molecule of manganese dioxide by hydrochloric acid 2 
atoms of chlorine are liberated, 16 parts of oxygen are 
also equivalent to 71 parts of chlorine. 

To determine the available oxygen, introduce into flask 
"B" of the apparatus described in the analysis of calcite, 
about 3 gms. of the ore, very finely pulverized, and care- 
fully dried at 100^ C. The best method of determining 
the quantity of ore taken is that described in the analysis 
of potash alum, by weighing a tube containing pulverized 
and dried ore, shaking out the desired quantity, again 
weighing the tube and determining the weight of ore 
taken by the loss. Introduce also into the flask about 7 
or 8 gms. of neutral potassium oxalate, and as much water 
as will fill it to about one quarter. Fill flasks "A" and 
" C" of the apparatus about one quarter full of pure con- 
centrated sulphuric acid. Put the apparatus together, 
• weigh it, and proceed as directed in the analysis of cal- 



AVAILABLE OXYGEK. 73 

cium carbonate, for the determination of carbonic acid by 
loss, drawing about 1 litre of air through the flasks, very 
slowly, by means of an aspirator, not allowing air-bubbles 
to pass faster than 2 per second. The heat generated by 
the union of the water and sulphuric acid is sufficient. 
The difference in the weight of the apparatus, before and 
after the operation, is equivalent to the weight of carbonic 
acid lost (Fres., § 230,) 

The method of calculating the available oxygen is evi- 
dent upon an examination of the equation representing 
the reaction : , 

Mn08+Ks.C304+2HBS04=MnS04+KaS04+2H30+2O02. 

Two molecules of carbonic acid are equivalent to one 
molecule of manganese dioxide, ^^ 6., 88 parts by weight 
of carbonic acid represent 87 parts by weight of man- 
ganese dioxide. Therefore, if the weight of carbonic acid 
is multiplied by 87, and the product divided by 88, the 
quotient will be the weight of manganese dioxide. As 
only one half of the oxygen of manganese dioxide is 
available, it is calculated by a simple proportion, viz., 
87 : 16=weight of MnOg ; weight of available O. 

Some ores of manganese contain carbonates, the carbonic 
acid of which must, of course, be removed before the 
analysis is made. If such be the case, introduce the ore 
as before into flask "B," fill it about one quarter fuU 
with water, add dilute sulphuric acid (1 part acid to 5 
parts water), little by little, until effervescence ceases, and 
the fluid remains acid after boiling out the carbonic acid. 
Then neutralize the excess of acid with sodium or potas- 
sium hydrate, free from carbonic acid, add the usual 
quantity of neutral oxalate, and proceed as before. {Zeit'- 
schrift /. Analyt OJiem.^ 1, 48.) 

Another method is that known as the iron method. 
Fresenius' s directions (p. 612) are to dissolve in a long- 
necked flask, placed in a slanting position, 1 gm. of piano- 
forte wire, and dissolve it in pure concentrated hydro- 
chloric acid; then weigh about 0. 600 gm. of the ore, in a little 
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tube, drop this with its contents into the flask, and heat 
cautiously until the ore is dissolved. One eq. of man- 
ganese dioxide, or 87 parts, converts 2 eqs^ of iron, or 113 
parts, from the state of ferrous to that of ferric chloride. 
When complete solution has taken place, dilute the con- 
tents of the flask with water, allow to cool, rinse into a 
beaker, and determine the iron still remaining in the state 
of ferrous chloride with potassium bichromate, (See 
analysis of ammonio ferric sulphate.) Deduct this from 
the weight of the wire employed in the process. The dif- 
ference expresses the quantity of iron, which has been 
converted by the oxygen of the manganese from ferrous 
to ferric chloride. This difference, multiplied by 87, and 
divided by 112, gives the amount of manganese ddoxide in 
the ore. 

Pattinson has suggested a modification ol this method, 
in a paper read before the Newcastle-upon-Tyne Chenu 
Soc, Jan, 27, 1870, His test analyses are very satisfac- 
tory. He directs to dissolve about 2 gms. of clean iron 
wire in a flask holding about 600 c. c, with about 90 c. c, 
of dilute sulphuric acid, made by adding 3 parts of water 
to 1 part of the acid. A cork, through which passes a 
tube bent twice at right angles, is inserted in the neck of 
the flask, and the flask is heated over a gas flame until the 
Iron is dissolved. The bent tube is placed so as to dip 
into a small flask or beaker containing a little water. 
When the iron is quite dissolved, 2 gms* ol the finely 
pounded and dried sample of manganese ore to be tested 
are put into the flask, the cork replaced, and the contents 
again made to boil gently over a gas flame, untU it is seen 
that the whole of the black part of the sample is dis-- 
solved. The water in the small flask or beaker is then v 
allowed to recede through the bent tube into the larger 
flask, more distilled water is added to rinse out the small 
flask or beaker and bent tube, the cork well rinsed, and 
the contents of the flask made up to> about 250. or 300 c. c. 
with, distilled water. The amount of iron remaining un-* 
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oxidized in the solntion is then ascertained by means of a 
standard solution of potassium bichromate. The amount 
the bichromate indicates, deducted from the total amount 
of iron used, gives the amount of iron which has been 
oxidized to the ferric form by the manganese ore, and 
from which can be calculated the percentage of peroxide 
of manganese contained in the ore. Thus, supposing that 
0.250 gm. of iron remained unoxidized, then if 2 gms. of 
iron were taken at first, 1.750 gms. of iron will have 
been oxidized by the ore. Then as 

112 : 87 = 1.750 : 1.359 guL MnQ^ 
which, if 2 gms. of ore were taken for the test, would rep- 
resent 67.95 percent of MnO-g in the ore. 

Standardized solution of potassium permanganate can 
be used instead of bichromate. 

It is frequently of importance to know the amount of 
hydrochloric acid necessary to decompose an ore of man- 
ganese. This can be determined with suffipient accuracy 
for commercial purposes, by what is called Kiefer's solu- 
tion. {Ann. d. Chem. u. Pharm,^ XCIIL, 386.) .. . 

To prepare the solution, dissolve 15 gms. recrystallized ^^<L^ 
copper sulphate in 100 c. c. of warm water, and add am- S^r 
monia, with stirring, until the basic salt is nearly dissolved. l^^ '• • 
Should the point be overstepped, add more copper sul- (L 
phate, and repeat. Filter the solution, and add the filtrate ' ■/ ^ 
from a burette, with constant stirring, to 10 c c. of half- -^^'i- ■ 
normal sulphuric acid, until a permanent turbidity is pro- o ^ 
duced, and note the number of c. c. used. As 10 c. c. of 
half-normal sulphuric acid is equivalent to 0.365 gm- of 
hydrochloric acid, this, divided by the number of c. c. of ^ ' / , 
the copper sulphate solution used, shows the quantity of ^ 
hydrochloric acid represented by 1 c. c. of it This is '"^^^ 
standard copi)er sulphate solution. 

The next step is to prepare a solution of hydrochloric 
acid of 1.1 sp. gr., and to 10 c. c. of it add the standard 
copper sulphate solution, drop by drop, with constant 
stirring, until the fluid becomes slightly turbid. The 
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nuiiiber of c. c. of copper sulphate solution used multi- 
plied by the previously ascertained value of 1 c. c. of it, 
gives the quantity of hydrochloric acid in the hydro- 
chloric acid solution of 1.1 sp. gr. 

Then, into a. flask, through the cork of which passes a 
tube about 3 feet long, and of about one quarter of an 
inch diameter, and bent slightly from the perpendicular, 
introduce 1 gm. of the manganese ore to be tested and 10 
c. c. of the standardized hydrochloric acid, and heat 
gently until the ore is decomposed, and then more strongly 
for a few minutes until the chlorine is expelled. 

The object of the long tube is to condense the vapor, 
and allow the fluid to run back into the flask. To insure 
this, it is well to wrap it with a wet cloth and keep it cooL 

After the chlorine is exi)elled, cool the flask, add 25 
c. c. of cold water, filter, and wash with 25 or 30 c. c. of 
cold water. Then to the filtrate add, as before, standard 
copper sulphate solution, until the fluid is slightly turbid. 
The number of c. c. used shows the quantity of free 
hydrochloric acid present. 

The difference between the quantity of hydrochloric 
acid found in 10 c. c. of the solution of 1.1 sp. gr. before 
adding it to the ore, and the quantity in 10 c. c. after 
using it for dissolving the ore, gives the quantity required 
to dissolve 1 gm. of the ore. 

The calculation of the manganese oxides in an ore ia 
best illustrated by an example : 

Suppose total Mn = 25.24 per cent and available 0=6 per cent. 
Calculate first the available oxygen to make MnOg 

(O) 16 :(Mn02) 87 = 6 : 34.62. 
Calculate the Mn corresponding to this : 

(MnOg) 87 :(Mn) 55 = 32.62 : 20.62. 

Total Mn as above 25.24 

Mn as MnOjj calculated above 20.62 

Difference 4.62 per cent Mn 

Calculate this as MnO. lu is equivalent to 5.00 per cent, since 

(Mn) 55 :(MnO) 71 = 4.62 : 5.96. 
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Oalculate MnO, required to combine with this to form MngOg : 
(MnO) 71 : (MnO^) 87 = 5.96 : 7.80. MnO + MnOj = Mn^Oj,. 

MnjOg, then, is (MnO = 5M) -f- (MnO, = 7.30) = 13.26 per cent MnjOj. 
Total MnOg calculated from ayailable O =: 82.62 
Deduct MnOj combining to form Mn,0,= 7.30 

Difference = MnO, existing as such..... 25.32 
Or the ore contains 

MnjOg 13.25 per cent. 

MnO, 25.32 per cent. 
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CHAPTER Xiy. 

PARTIAL ANALYSIS OF IRON ORE* 
FOE SILICA, IRON, SULPHUR, AND PHOSPHOEUS. 

Pulverize 7 or 8 gms. of the ore to impalpable powder 
in an agate mortar, weigh exactly 5 gms. of the powder, 
and mix it carefully, in a large clock-glass, with 25 gms. of 
dry sodium carbonate and 2.5 gms. of sodium nitrate, 
previously pulverized. Introduce about one third of the 
mixture into a capacious platinum crucible, provided with 
a cover, and heat over a strong Bunsen burner until the 
mass ceases to swell in the crucible from the action of the 
gases. Then allow ihe crucible to cool to a point below 
redness, introduce about the same quantity, and treat it 
in the same way. Finally, transfer the remainder to the 
crucible, and, after heating over the Bunsen flame until 
the contents of the crucible become quiet, apply the 
strongest heat of a good blast-lamp until the contents are 
reduced to quiet fusion, or, as will sometimes be the case, 
a semi-fused mass results, upon which heat seems to have 
no more effect. Follow the directions given, in the 
analysis of feldspar, for removing the mass from the cru- 
cible, and cleansing the latter from adhering particles. 
When that portion of the contents of the crucible, which 
is insoluble in water, has entirely settled, pour off the 
clear fluid into another vessel, add to the residue 20 or 80 
c. c. pure concentrated hydrochloric acid, together with 
the washings of the crucible, and cover, and evaporate on 
a water-bath nearly to dryness. Then dilute with a little 
water ; and should all be now in solution (except some 
separated silica), transfer aU to the alkaline water solu- 
tion, cautiously (keeping the vessel covered to prevent 
loss by effervescence), make the fluid acid with hydro- 
chloric acid, if not already so, heat to boiling to expel car^ 
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bonic acid, transfer to a casserole, evaporate on a water- 
bath, and beat in an air-bath. (Compare analysis of feld- 
spar.) Should there be any undecomposed ore after the 
treatment with acid, as directed above, it may be digested 
once more, with concentrated hydrochloric acid, and the so- 
lution added to the first. But if any ore resists this treat- 
ment, filter it out, add the filtrate to the other solutions, 
dry the residue, bum it in a platinum crucible, fuse as 
before, proportioning the flux to the quantity of residue, 
and, after bringing all into solution, proceed as before. 
Should the ore resist this treatment, which is an extreme 
case, dry and fuse the filtered residue in the way directed 
by Hart in CTiem. Gaz.^ 1855, 458: "Fuse 8 parts of 
borax in a platinum crucible, add to the mass in fusion 1 
part of finely pulverized ore, stir constantly, and keep 
the crucible half an hour longer at a bright-red heat, add 
dry carbonate of soda as long as it causes effervescence, 
then gradually, and with frequent stirring with a 
platinum wire, 3 parts of a mixture of equal parts of 
nitrate of potassa and carbonate of soda, and keep 
the mass a few minutes longer in fusion. Kemove the 
mass from the crucible with water, dissolve in hydro- 
chloric acid, and combine with the other solutions ; evapo- 
rate all to dryness on a water-bath, dry in an air-bath, and 
proceed to the determination of the silica as directed in 
the analysis of feldspar. 

Dilute the acid filtrate from the silica to 600 c. c, and 
divide it into 3 portions, the first containing 100 c. c, in 
which the iron and sulphur are to be determined, and the 
other two containing 200 c. c. each, in which the phospho- 
rus is to be determined in duplicate. 

In the first portion, which is equivalent to 1 gm. of the 
ore, precipitate the ferric hydrate, with an excess of am- 
monia, filter, wash until a few drops of the wash-water, 
acidulated with hydrochloric acid, give no reaction with 
barium chloride solution, for sulphuric acid. Dis- 
solve the precipitate in hot, dilute sulphuric acid, divide 
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the solution into 2 equal portions, reduce them with 
amalgamated zinc and platinum in proper bottles, and de- 
termine the iron volumetricaUy with potassium perman- 
ganate, as directed in the analysis of ammonio-f erric sul- 
phate. If the ore contain titanic acid, it must be re- 
moved before reducing the ferric to ferrous oxide, as the 
titanium dioxide is also reduced to sesquioxide by the 
action of the zinc and platinum, and reoxidized by potas- 
sium permanganate. Consequently, more permanganate 
will be decomposed than is required to raise the ferrous to 
ferric oxide. 

For the method of proceeding in such a case, consult 
analysis of titanif erous iron ore (Note 7). 

After precipitating the ferric hydrate from the portion 
containing 100 c. c, determine the sulphur in the filtrate 
as directed in the analysis of magnesium sulphate.^ / 7 

The phosphorus is to be determined in each of tne 2 
portions of 200 c. c. by either of the following methods : 
P\c^^fo ^J^(y^ First Method. — The ferric oxide, carrying the phosphoric 
^^^^ fiH"* o acid, is precipitated from the solution by ammonia, fil- 
tered out, and washed moderately (the water required to 
remove the precipitate to the filter being sufficient). The 
walls of the glass, in which the precipitation is eflPected, 
are washed down by about 25 c. c. of hot concentrated 
nitric acid. To this the precipitate is transferred by 
means of a spatula, with occasional stirring. After re- 
moving from the filter all of the precipitate that can be 
conveniently reached by the spatula, the solution is 
heated, and poured through the filter, and the filter well 
washed with water into a beaker of medium size. By 
this means complete solution is effected in a very short 
time. This solution is now boiled down to very small 
bulk, to remove all chlorine and excess of nitric acid, di- 
luted to a volume of about 100 c. c, and neutralized by 
ammonia to a light mahogany color. To this a sufficient 
quantity of solution of '' ammonium molybdate" is 
added, and the whole kept at a temperature just below 




PHOSPHORUS. 81 

boiling for 2 or 3 hours, and then allowed to stand in a ^ , 
warm place for 12 hours longer. In most cases, 25 c. c. of a ^' ^ '^/ 
solution so prepared that 1 c. c. is equivalent to 0.001 gm. ^-\ ^ ^-( 
of phosphoric acid will be sufficient. When the precipi- ^- tiT 
tate has settled, it is filtered out and washed with am- "^ 

monium molybdate solution which has been diluted with 
an equal volume of water. The filtrate is again partially 
neutratlized with ammonia, warmed, and allowed to stand 
in a warm place for 6 or 6 hours. If any precipitate occur, 
it is filtered out, and treated as before, and the filtrate 
tested again. In rare cases, a third small precipitate 
forms. 

The washed precipitates of phospho-molybdate are dis- 
solved through the filters with dilute ammonia into the 
same beaker, and the filters washed with water. As a 
small amount of ferric oxide, enough to color the filter 
around the edge, if not more, almost invariably remains 
after washing, nitric acid is now poured on the fiiter, drop 
by drop, allowed to run into the beaker containing the 
ammoniacal solution, the filter washed with a little water, 
4 or 5 c. c. of ammonium molybdate solution added, to 
separate any phosphoric acid that may be held by the 
ferric oxide, and enough more nitric acid to render the 
solution decidedly acid, avoiding however a large excess. 
By this means, the phospho-molybdate is precipitated free 
from iron, which may have been carried down with it pre- 
viously. The acid solution is allowed to stand for a few 
hours in a warm place, untU the sujyematant fluid is clear. 
It is well, although rarely necessary, to test this fluid 
(after filtering), for another precipitate, by gently warm- 
ing it, and allowing it to stand for a time. The re-precip- 
itated phospho-molybdate is filtered out, washed with 
dilute ammonium-molybdate solution, and dissolved with 
ammonia. To the solution is added enough hydrochloric 
acid to make it acid, about 0.050 gm. of tartaric acid, 
then enough ammonia to render it decidedly alkaline, and 
finally 5 c. c. of ''magnesia mixture." The object aimed 
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at in adding the hydrochloric acid and ammonia is the 
introduction of a 6uflB.cient amount of ammonium chloride, 
to prevent the precipitation of any magnesium salts from 
the magnesia mixture ; while the tartaric acid is intro- 
duced to hold up any trace of iron that may be in the solu- 
tion. 

After adding the magnesia mixture, the whole is set 
aside in the cold, until the precipitate of ammonio- 
magnesium-phosphate is entirely formed, when it is 
filtered, washed with dilute ammonia, dried, ignited, and 
weighed. Consult analysis of hydro-disodium-phosphate. 
(Also see article by F. A. Caims, in Am. CJiem,^ Dec, 
1876.) 

Second Method. — ^Heat the hydrochloric acid solution to 
boiling, remove the heat, and add a saturated solution of 
pure sodium sulphite (little by little), and more hydro- 
chloric acid, if necessary, until the fluid becomes colorless, 
showing that the ferric is reduced to ferrous chloride. 
Then add a little more hydrochloric acid, and boil until 
the odor of sulphurous acid disappears, keeping up the 
volume of fluid by occasional addition of hot water. 
When the odor of sulphurous acid can no longer be 
detected, if the solution should not have acquired a yellow 
tint, add enough potassium permanganate solution to 
oxidize about 0.150 gm. of the ferrous to ferric chloride, 
then saturated solution of sodium carbonate, until a per- 
manent precipitate is formed, and the solution slightly 
alkaline. Then make the solution acid with acetic acid, 
dilute to about 200 c. c. , heat to boiling, and continue to 
boil for 8 or 10 minutes ; after which remove the heat and 
allow the basic acetate of iron to settle completely. It 
will carry all but perhaps a slight trace of phosphoric acid 
with it. Filter, and proceed to boil the filtrate for a 
second small precipitate, to insure the recovery of all the 
phosphoric acid. 

Dissolve the first precipitate by pouring hot hydro- 
chloric acid through the filter. Should it fail to dissolve 
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ail tlie precipitate, throw the filter into the acid, and 
digest over heat nntil the solution is complete. To the 
clear solution, after filtering, if necessary, add ammonia in 
excess (without heating), filter out the ferric hydrate, and 
dissolve it by pouring hot nitric acid through the filter. 
The reason for dissolving in hydrochloric acid first, is that 
the basic acetate is apt to contain a quantity of a modifi- 
cation of ferric oxide, very insoluble in nitric acid, but 
which yields readily to hydrochloric, while the ferric 
oxide re-precipitated from hydrochloric acid solution by 
an excess of ammonia is readily soluble in hot nitric 
acid. 

BbH down the nitric acid solution nearly to dryness, in 
order to expel all chlorine, dilute with hot water to about 
100 c. c, nearly neutralize with ammonia, add 25 c. c. 
ammonium molybdate solution, heat to a point just below 
boiling for 2 or 3 hours, and allow to stand in a warm 
place for 12 hours more. After the precipitate has com- 
pletely subsided, filter and wash with solution of am- 
monium molybdate, diluted with an equal volume of 
water. Reserve the filtrate, which may contain a little 
phosphoric acid, to be used to dilute the nitric acid solu- 
tion of the second precipitate of basic acetate. 

Dissolve the precipitate of phospho-molybdate of am- 
monium through the filter with dilute ammonia, wash the 
filter with 20 or 30 c. c. of water, run through the filter, 
into the ammoniacal solution, enough dilute nitric acid to 
dissolve any adhering oxide of iron, and render the solu- 
tion slightly acid, adding at the same time 4 or 6 c. c. of 
ammonium molybdate solution, and allow all to stand 
until the precipitate brought out by the nitric acid has 
entirely settled. 

This re-precipitation by means of nitric acid is made to 
separate any traces of ferric oxide, which will remain in 
solution in the nitric acid, while the phospho-molybdate 
precipitates, and can, by filtering and washing with dilute 
ammonium molybdate solution, be (usually) entirely 
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freed from iron. Set this precipitate, whicli contains 
nearly all the phosp^horic acid, on one side, after filtering 
and washing it with dilute ammonium molybdate untU the 
treatment of the second precipitate of basic acetate is com- 
pleted. 

Bring this second precipitate of acetate into nitric acid 
solution, in the same way as the first one, boil it down 
nearly to dryness, dilute with 30 or 40 c. c. of water, 
nearly neutralize with ammonia, and add to it the filtrate 
from the first precipitate of phospho-molybdate, reserved 
for the purpose, together with the filtrate from the re-pre- 
cipitation of the same by nitric acid. By this means, all 
phosphoric* acid which may not have been precipitated 
will be in the solution. Should another precipitate appear 
in this solution, after heating it, and allowing it to stand 
as before, treat it in the same manner as the first one. 
Dissolve both precipitates through the filters, which 
should be of the sma-llest size, into the same beaker, with 
as little dilute ammonia as possible, and wash them with 
15 or 20 c. c. of water. 

Finally acidulate with hydrochloric acid, add about 
0.050 gm. of tartaric acid, make alkaline with ammonia, 
add 5 c. c. magnesia mixture, and allow to stand , for 13 
hours, and proceed as in analysis of hydro-disodium phos- 
phate. (Compare Fres., Qaant. AnaL^ % 135, p. 275.) 

Appendix 1. When only the amount of iron in an ore 
is to be determined, thoroughly mix 1 gm. of the ore with 
3 gms. of sodium fluoride, transfer to a large platinum 
crucible, cover with 12 gms. of coarsely powdered acid 
sodium sulphate, and fuse for 20 or 30 minutes. Then 
cool, add concentrated sulphuric acid, fuse to a homo- 
geneous paste, dissolve in water, reduce with zinc and 
platinum, and titrate with potassium permanganate. As 
stated before, titanium, if present, must first be removed. 
(See Am. Jour. ScL^ XLV., 178. Clarke.) 

Appendix 2. If titanium alone is to be determined, fuse 
the ore in the same way with sodium fluoride and acid 
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sodium sulphate, treat with, sulphuric acid, bring into 
solution, precipitate the ferric oxide and titanium dioxide, 
and proceed to determine the latter, as directed in Note 7 
of analysis of titaniferous iron ore. 

Note. — ^Instead of using sodium carbonate alone to effect the disintegration of 
the ore, a mixture of sodixmi carbonate with potassium carbonate (both dry) 
may be used. The relative proportions should approximate to the ratios of the 
respective molecular weights), i. e., 106 parts NafCO* to 138.3 parts EaCOt (11 to 
14 would be sufficiently close). 

If the ore is very refractory, the flux proposed by Prof. Dlttmar (Phil* Soc. of 
Glasgow) (Iroiiy Jan., 1876, p. 131, or DingL, Polyt, Journ,, (XJXXI., 450) may be 
used. This is made by fusing together 3 parts of the above mixture of carbonates 
and 2 parts of borax glass, over a good Bunseu burner, until the carbon dioxide 
has been driven off. Pour the melt out upon a clean, cold surface, and when cool 
pulverize it for use ; keep in a tightly corked bottle. Use 5 to 6 parts of this 
flux to one of the ore, and fuse for an hour or two over a burner, stirring from 
time to time with a stout platinum wire. A small amount of alkaline nitrate 
may be added to oxidize sulphides, etc A very high heat, such as might be at- 
tained with a blast iamp, is to be avoided, since that would cause the borax to 
attack the platinum of the crucible. 

Any flux which may be used should be carefully tested for the presence of 
sulphates, when sulphur is to be determined in the ore. If a flux free from sul- 
phate cannot be obtained, the amount present must be determined and a deduction 
made accordingly. 



CHAPTER XV. 



COMPLETE ANALYSIS OF lEON ORE. 



Hesidiie (a). 

SiO,,TiO„ and perhaps Fe.O,« 

Kote 2. 



Fuse 6 gms. J}i^ote 1. 

M Sduiian (a). 

Cr,0„Fe,Oj , Al,04,P,0„TiO„MnO, 

CaO,MgO, etc. 

Add Na,CO, and Bn Note 8. 
Precipitate (6). PUtrate (6). 

Pe.,0„Al,0„P,0.,MnO.,TiO„CaO, ] CrO,. Note 4. 

HgO, etc. 



iHssolve in fid and pass H,d. Note 5. 



Filtrate (c). 
p€O,Al,0„P,O„TiO,.MnO,CaO,MgO, 

etc. 

Divide into 2 portions. Note 6. 

t of Fatrate (c). 
FeO,Al,0„PjO„TiO„MnO,CaO,MgO, 

etc. 



Precipitate (c). 
PtS„ etc. Note 5. 



t of FiUrate (c). 
TiO„FeO. Ab^c 7. 



Ozidice and precipitate acetates. Note 8. 



Precipitate (d). 
Fe,0„Al,O„P,O5,Ti0,. Dissolve in 
HNO,, dilute and divide. Note 9. 

% of Solution ofhi of Solution of 
Precip, (d) ' Precip. (d). 
P,0,. NotelO. 'AljO„Pe,0„TiO„ 

P5O,. Addira, 
HO. Note 11. 



Filtrate (d). 

3iInO,CaO,MgO, etc. ConcentrRte 

and add Br. Note 12. 

Filtrate (/). Precipitate (f), 
CaO,MgO. Note MnO,. JVbfe 12. 
18. 

Precipitate {g). . Filtrate (g). 
CaO. J\"ofe 13. MgO. Adfc 14 



B. in separate pDttion. Note 15. 

Co,Ni,Zn. Note 16. 

As in separate portion. Note 17. 

Alkalies in separate portion. Note 18. 

Copper. Note 19. . 

Water. Note 20. 

Chlorine, fluorine, carbonic acid, organic matter. Note 21. 

Api>endii:. 



Iron ores, besides the or^nary constituents, such as 



; 
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iron, almnina, manganese, lime, magnesia, sulphnr, phos- 
phoms, silica, and water, frequently contain titanium, 
zinc, carbonic acid, potassium, and sodium, and occasion- 
ally chromium, copper, nickel, cobalt, arsenic, and or- 
ganic matter, and in some rare cases vanadium, tungsten, 
chlorine, and fluorine, besides other substances in very 
minute quantities. 

Note 1. — ^Puse 6 gms. of the ore, pulverized to imx)al- 
pable powder (well mixed with 25 gms. of anhydrous sodi- 
um carbonate and 5 gms. of sodium nitrate), in a capa- 
cious platinum crucible. Remove the fused mass from 
the crucible with as little water as possible, allow the solid 
matter to rettle, decant off the clear fluid into another 
vessel, digest the solid matter with 2o or 30 c. c. of strong 
hydrochloric acid on a water-bath for an hour or two, 
rene\dng the acid, if necessary, and keeping the vessel 
covered. When all is dissolved, except perhaps some sil- 
ica and titanium oxide, and no undecomi)osed ore, add 
the residue, together with the clear fluid, to the first water 
solution, and after acidifying with hydrochloric acid, 
evaporate to dryness as usual, for the determination of 
silica. Should there be any undecomposed ore, filter it 
out, wash with water, and dry it. Add the filtrate to the= 
first water solution. Then bum the filter and residue in a 
capacious platinum crucible, add 6 or 8 gms. of acid 
potassium sulphate, and fuse for 15 minutes at a tempera- 
ture scarcely above the fusing pomt of the latter, then 
raise the heat somewhat, so that the bottom of the cru- 
cible may just api)ear red, and keep it so for 15 or 20 min- 
utes. Tho fusing mass should not rise higher than half- 
way up the crucible. The mass begins to fuse quietly, 
and abundant fumes of sulphuric acid escape. At the- 
expiration of 20 minutes the heat is increased as much as 
is necessary to drive out the second equivalent of sul- 
phuric acid, and even to decompose partially the sulphate 
of iron and chromium. To the fused mass now add 4 or 
5 gms. of pure carbonate of soda, heat to fusion, and add 
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in small portions from time to time during an honr, 3 or 4 
gms. of sodium nitrate, maintaining a gentle red heat all 
the while, then heat for 15 minutes to bright redness, 
cool, and treat the fused mass with hot water ; remove it 
from the crucible, allow the solid matter to settle, add the 
clear fluid to the previous solution, digest the residue 
with strong hydrochloric acid, as directed above, and if 
the. ore is entirely decomjiosed, add everything to the 
other fluid. Should there still be undecomposed ore, re- 
peat the treatment. 
(See Pres., Quant. Anal., § 223, p. C24.) 
After entirely decomposing the ore and combining all 
the solutions, evaporate them to dryness, first on a water- 
bath, and then in an air-bath, as usual in the det^rminar 
tion of silica. When the mass is thoroughly dry, add 10 
c. c. of strong hydrochloric acid, 30 c. c. of water, and 
heat on a water-bath until everything is dissolved except 
silica and titanium oxide. Then dilute with 60 or 60 
c. c. of water, filter, and wash with about 100 c. c. of .5 
per cent hydrochloric add. 

There will be a residue (a) of silica and titanic oxide, 
and a solution (a) of the remaining constituents of the 
ore. Dry resid/ue (a), and reserve solution (a), to be com- 
bined with the solution resulting from the re-fusion of the 
silica, which always contains a portion of the titanic 
oxide, and usually some ferric oxide, particularly if the 
quantity of titanic oxide in the ore be lai^. 
^5^^j^j^]^^jj^ Note 2. — Fuse residue {a\ containing silica and titanic 

oxide, and perhaps a little ferric oxide, with 10 or 12 
times its weight of acid sodium sulphate, soften the mass 
by heating it in the crucible with concentrated sulphuric 
acid, cool thoroughly, and dissolve in about 400 c. c. cold 
water. Filter out silica, wash with about 100 c. c. of cold 
water, containing 5 X)er cent of hydrochloric add, and add 
filtrate and washings to solution (a). Dry, ignite, and 
weigh the residue, which may still contain some titanic 
oxide. Then treat with concentrated sulphuric acid and 
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ammonium fluoride, adding a quantity of the latter equal 
in weight to about 8 times that of the silica. After evap- 
orating off the sulphuric add and igniting gently, cool 
and weigh. Then rei>eat the treatment until the crucible 
ceases to lose weight. (Compare Rose's directions, in his 
chapter on silicon, p. 874.) The weight of the silica is 
estimated from the loss. 

Should there be any residue left after the treatment 
with ammonium fluoride, fuse it with add sodium sul- 
phate, in the manner directed above, bring it into cold- 
water solution, and add it to soltdion (a), which will then 
contain all the constituents of the ore except silica. 

JVbte 3. — ^To solution {a) add sodium carbonate, until it 
is strongly alkaline, and then, without filtering out the 
precipitate, bromine water, until it is deeply colored, stir- 
ring constantiy. After this, add 6 or 6 c. c. of pure bro- 
miue, and heat for an hour, with frequent stirring, keei>- 
ing it alkaline and gradually increasing the heat until the 
solution boils, and continue to boil gentiy for another 
hour. The chromic oxide will be oxidized to chromic 
acid. Then filter and wash thoroughly with hot water, 
first by decantation 3 or 4 times, boiling each time with 
a small amount of water, and then on the filter, until the 
wash-water runs through colorless. If there be a large 
amount of chromium in the ore, in order to insure com- 
plete separation of it, wash the mass on the filter back 
into a beaker, with about 200 c. c of water, and treat 
again with bromine water and 2 or 3 c. c. of pure bro- 
mine, and proceed as before, filtering through the same 
filter. This will insure complete separation of the chro- 
mium from all but traces of the other constituents of 
the ore, with the exception of manganese, which will also 
be found in the filtrate as sodium manganate. 

There will be a filtrate (&), containing all the chromium 
as alkaline chromate, and a precipitate (i), containing the 
prindpal part of the other constituents of the ore. 

JTi^ 4. — ^To filtrate (&), containing chromium, ma&- 
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ganese, and traces of other constitnents of the ore, add 
nitric acid to partly neutralize, then 3 or 4 gms. ammo- 
nium nitrate, and evaporate until no odor of ammonia is 
perceptible. Then dilute with 100 c. c. of water, filter, and 
wash the residue of manganese sesquioxide, silica, 
alumina, and titanic oxide, dissolve it in hydrochloric 
acid, after removing it from the filter, with a little water, 
dry and bum the filter, and add the ash, together with 
the solution of the residue, to the solution of precipitaie 
(6), or the principal solution of the ore. Into the filtrate, 
containing only alkaline chromate, after acidifying it 
with hydrochloric acid, conduct sulphuretted hydrogen 
to saturation to reduce the chromic acid to sesquioxide. 
Allow the sulphur to settle entirely, filter, wash, and in 
the filtrate precipitate the chromic oxide with ammonia, 
(SeeFres., Quant. Anal., % 106, p. 176.) Evaporate the fil- 
trate from the chromium to dryness, ignite the residue, 
together with the precipitate (if any) produced by sul- 
phuretted hydrogen, dissolve any residue that may be 
left in hydrochloric acid, and add the solution to that of 
precipitate (6) or the principal solution of the ore. 

Note 5. — Dissolve precipitate (6) in hydrochloric acid, 
dilute with cold water, and saturate with sulphuretted 
hydrogen, filter, and wash with cold water. Do not heat, 
as otherwise titanic oxide may be precipitated. 

There vrtU be a filtrate (c) and a precipitaie (c), which 
latter may contain platinic sulphide (due to platinum 
taken from the crucible by the fiuxes), and also sulphides 
of metals of the higher groups, which, if present in 
sufficient quantity, are to be determined by methods « 
which will be explained later. 

Note 6. — Dilute filtrate {c) to 600 c. c, if it does not 
already exceed that volume, and divide it into 2 portions, 
one containing 100 c. c, or one fifth, and equivalent to 1 
gm. of ore, for the estimation of iron and titanium, and 
another containing 400 c. c. , or four fifths, and equivalent 
to 4 gms. of ore, for the estimation of other constituents. 
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ShotQd the solntion exceed 600 c. c. and be less than 
1,000 c. c, dilute to the latter volume, and divide in tho 
same proxxjrtion. It is not well to concentrate the solu- 
tion, by the aid of heat, as some of the titanic oxide may 
be precipitated, which will necessitate troublesome steps 
to bring it back into solution. 

iVbfe 7. — ^To one fifth qf fiUrate (c), representing 1 gm. 
of the ore, add a little potassium chlorate and hydro- 
chloric acid, and boH, in order to oxidize sulphur, and con- 
vert the ferrous into ferric oxide. Then precipitate the 
ferric and titanic oxides by adding pure potassium 
hydrate in excess, filter, and wash with hot water. By 
this means aU but traces of the alumina will be held in so- 
lution, and thus separated from the iron and titanium, 
with the latter of which it otherwise might afterward be 
precipitated by boiling. Dissolve the precipitate in dilute 
sulphuric acid, and increase the volume, by addition of 
cold water, to about 600 c. c. Then add ammonia, drop 
by drop, until a permanent precipitate is formed, aad sul- 
phuric acid, cautiously, until it is dissolved, and the solu- 
tion made slightly acid. After this, pass sulphuretted 
hydrogen until the solution is colorless, thus reducing the 
ferric to ferrous oxide. Boil for an hour or two, keepiug 
up the volume, by the occasional addition of water con- 
taiQing sulphuretted hydrogen ; allow the precipitate to 
settle, filter, and wash with hot water. Dry the precipi- 
tate, and as some iron may, and probably will, have been 
precipitated with the titanium, fuse with 10 or 12 times its 
weight of acid sodium sulphate, digest with concentrated 
sulphuric acid, bring the mass into solution in cold water, 
nearly neutralize as above, introduce sulphuretted hydro- 
gen, and repeat the precipitation in rhe same manner as 
before. Finally filter, wash well with hot water, dry, 
ignite, and weigh the titanic oxide. In igniting the pre- 
cipitate, it is well, after burning the filter, and igniting 
the precipitate, to cool the crucible a little, introduce 
some ammonium carbonate, heat moderately, until the 
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carbonate is volatilized, and then intensely, in order to 
expel the last traces of sulphnric acid. 

Concentrate the filtrates and washings, after adding a 
little hydrochloric acid and potassinm chlorate to about 
200 c. c, precipitate ferric hydrate with ammonia, filter, 
wash well with hot water, dissolve the precipitate in hot 
dilute sulphuric acid, boil for some time to expel chlorine, 
add water, introduce into bottles, reduce with amalga- 
mated zinc and platinum, and determine the iron by jk)- 
tassium permanganate, as directed in analysis of ammonia- 
iron-alum. 

Note 8. — TofonrjytTis qfJiJtraie{e)j representing 4 gms. 
of ore, add a little potassium chlorate, and boil, to oxidize 
the ferrous oxide, nearly neutralize with sodium carbonate, 
add about 10 gms. of sodium acetate, and a few drops of 
acetic acid, dilute to 2.6 litres, in a large flask, and heat to 
boiling. Continue the boUing for about 5 minutes, remove 
the heat, allow the precipitate of basic acetates to settle, 
and filter as rapidly as possible, keeping the fluid hot 
while doing so. Should there be much manganese in an 
ore, it is well to dissolve the acetates in hydrochloric acid, 
and re-precipitate, by the same method, as in such a case, 
the acetates are apt to carry with them a small quantity of 
manganese, when the fluid contains much. 

If the oxidation of the ferrous oxide, by boiling with 
potassium chlorate, has not been complete, the red modifi- 
cation of ferric oxide will be precipitated, giving a great 
deal of trouble, as it is apt to run through the filter, and is 
very insoluble. Grenerally, the danger can be detected in 
time to be avoided, by the appearance of the precipitate 
caused by the sodium carbonate, used in preparing the 
solution for the precipitation of acetates. If the oxidation 
of the ferrous oxide has been incomplete, the precipitate, 
instead of having the ordinary reddish-brown color, will 
be very dark (nearly black). In such a case, acidify with 
hydrochloric acid, add more potassium chlorate, boil for a 
short time, and precipitate the acetates as directed above. 
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Note 9. — Dissolve the basic acetates, or precipitate (d), 
in nitric acid, by transferring the precipitate (a little at a 
time) from the filter to the acid, previously heated in a 
medinm-sized beaker, stirring nntil the precipitate goes 
into solution. When all that can be conveniently removed 
from the filter is dissolved, warm the solution, and pour it 
back on the filter, to dissolve the portion adhering to it, 
and wash the filter thoroughly. Dilute the filtrate to 400 
c. c, and divide into 2 portions, one of 300 c. c, for the de- 
termination of phosphoric acid, and another of 100 c. c, 
for that of alumina. 

Note 10. — ^In three fourths of solution of precipitate {d)y 
containing 300 c. c., and representing 3 gms. of ore, de- 
termine phosphoric add as directed in partial analysis of 
iron ore by first method. 4-* • ^ 

Note 11. — In one fourth of the solution of precipitate 
(^, containing 100 c. c, and representing 1 gm. of ore, 
precipitate the alumina, ferric hydrate, phosphoric acid, 
and titanic oxide together, by means of ammonia in ex- 
cess. (See analysis of potassium alum.) Prom the per- 
centage value of this precipitate, deduct that of ferric 
oxide, phosphoric acid, and titanic oxide, found elsewhere 
in the analysis. The diJBference will give the per cent of 
alumina. 

A direct determination of the alumina may be made by 
fusing the ignited precipitate with acid sodium sulphate, 
.digesting the fused mass with sulphuric acid, dissolving 
in water, adding an excess of purej)otassium hydrate, and 
warming. By this means, the titanic oxide and the ferric 
oxide (carrying the phosphoric acid with it) will be precip- 
itated, while the alumina will remain in solution. If, now, 
the solution be filtered, acidified with hydrochloric acid, 
and then made alkaline with ammonia, and boiled, the 
alumina will be precipitated, and can be determined. 
(Fres., Quant. Anal.^ § 160, p. 361.) Or, fuse the ignited 
precipitate in a silver crucible with potassium hydrate, 
boil the mass with water, filter the alkaline fluid contain- 
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ing the alumina from the undissolved titanic oxide, ferric 
oxide, and phosphoric add, acidify the filtrate with hydro- 
chloric acid, and precipitate the alumina with ammonium 
carbonate, (H. Rose, Quant. AnaX. , chapter on Alumina, 
p. 149.) 

Note 12. — Concentrate fiUrate {d\ or filtrate from the 
acetates, to 100 c. c, if possible, and precipitate the man- 
ganese, by adding a sufficient quantity of bromine, and 
heating. Filter out the manganese dioxide or precipitate 
{f\ wash it moderately with hot water, transfer it with 
the filter (without drying) to a very small beaker, press 
down the filter ui)on the bottom of the beaker with a glass 
rod, add enough concentrated hydrochloric acid to cover 
the precipitate, and heat. When the manganese dioxide 
is dissolved, dilute with 20 or 30 c. c. of water, filter, and 
wash thoroughly. Heat the filtrate nearly to boiling, add 
excess of sodium carbonate, boil out free carbonic acid, 
filter out the manganese carbonate, wash with hot water, 
dry, ignite the carbonate to tri-mangano tetroxide, and 
calculate the sesquioxide. (See analysis of manganese 
ore.) 

Nate 13. — ToJUtrate {/) from the precipitate of manga- 
nese dioxide, add ammonia until it is slightly alkaline, 
then a sufficient quantity of ammonium oxalate. Boil, 
and allow the precipitate to settle completely. Pour the 
clear fluid through a filter, add to the precipitate 20 or 30 
c. c. hot water, stir, and allow it to settle. Again pour 
the clear fluid through the filter. Then dissolve the pre- 
cipitate in the beaker with hot dilute hydrochloric acid, 
add to the solution 4 or 6 c. c. of ammonium oxalate, and 
make it alkaline with ammonia. Finally, filter into a 
fresh beaker, and wash thoroughly with hot water. Dry 
the precipitate of calcium oxalate, transfer it to a weighed 
crucible, moisten it with concentrated sulphuric acid, 
evaporate off the excess of acid, ignite, and weigh the 
calcium sulphate, and calculate the per cent of lime. 
(Consult analysis of calcium carbonate.) 
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Note 14. — Concentrate the second filtrate, or the filtrate 
from the re-precipitated calcinm oxalate to small bulk (after 
acidifying it with hydrochloric a<id), make it alkaline 
with ammonia, and add it to the first filtrate from the cal- 
cium oxalate. (Consult analysis of limestone, andFres., 
QuarU. Aruil., § 154.6, p. 349.) 

The combined filtrates constitute .>MZrafe {g). To this, 
if not already alkaline, add ammonia and a sufficient 
quantity of hydro-disodium phosphate, and allow to stand 
in the cold for some hours. When the precipitate of mag- 
nesium phosphate has entirely settled, filter, wash with 
dilute ammonia, dry, ignite, and weigh the magnesium 
pyrophosphate, and calculate the magnesia. 

Owing to the quantity of ammonium chloride and other 
salts introduced into the analysis, by the re-agents used, 
it may be impossible to precipitate the magnesia com- 
pletely. It is advisable, therefore, to treat the filtrate 
from the magnesium phosphate by one of the methods 
prescribed in the analysis of limestone, to recover any 
magnesia which may have been held in solution. 

Note. 1 5 — In iix)n ores containing titcmium and requir- 
ing the use of sulphates, it is, of course, impossible to 
determine the sulphur in the current analysis. In such 
cases it is necessary to determine it in a separate i)ortion of 
ere. A very good method of fusion for this purpose is one 
clovised by Hart, for the decomi)osition of chromic iron 
ere {Chem. Gaz.^ 1855, p. 458), and quoted by Fresenius, 
ia his Quantitative Analysis^ 4th London edition, § 160 : 
' ' Fuse 8 parts of borax in a platinum crucible, add to the 
mass in fusion 1 part by weight of the finely pulverized 
ore, stir constantly, and keep the crucible half an hour 
longer at a bright red heat ; add dry sodium carbonate as 
long as it causes effervescence, then gradually, and with 
frequent ctirring v,ith a platinum wire, 3 parts of a mix- 
ture of equal parts of potassium nitrate and sodium 
carbonate, and keep the mass a few minutes longer in 
fusion." Remove tne mass from the crucible with water, 



96 IBOJf ORE— COMPLETE. 

dissolre in hydrochloric add, and determine snlphnr, as 
in partial analysis of iron ore. (See note on p. 86.) 

Note 1 6. — If zinc, nickel, and cobalt are present, they 
will be f onnd in filtrate {d) (or the acetic add solution, 
after removing the acetates), together with the manganese, 
lime, and magnesia. The best method for separating the 
nickel, cobalt, and zinc from the others, is that suggested 
by Gibbs, in the Am, Jour, of ScL and Arts, Jan. 7, 
1865: Add a few drojis of acetic add to the solution, 
boil, pass a rapid current of sulphuretted hydrogen for 
half an hour, and continue the boiling while doing so. 
Gibbs states that every trace of nickel, cobalt, and zinc 
win be precipitated as sulphides, while the whole of the 
manganese (as well as the lime and magnesia) remains in 
solution. These are to be determined as directed in notes 
12, 13, and 14. If large quantities of manganese and zinc 
be present, as in the case of Franklinite ores, it is well to 
dissolve the precipitated sulphides, and after adding a 
sufficient quantity of sodium acetate and acetic add, 
repeat the precipitation as above, as some manganese may 
be prer^ipitated with the zinc. The writer has had it to 
occur in the analysis of Franklinite. Under ordinary cir- 
cumstances, the re-precipitation is unnecessary. Dissolve 
the precipitated sulphides in aqua regia, convert the 
metals into double cyanides, by means of pure i)otassium 
cyanide, and precipitate the zinc by potassium sulphide, 
as recommended by Wohler. (See analysis of Grerman 
silver.) In the filtrate from the zinc, determine the 
nickel and cobalt as directed in the analysis of nickel 
ore. 

JVote 17. — Fuse 2 or 3 gms. of the ore with 10 times the 
weight of a mixture of equal parts of sodium carbonate 
and nitrate, extract the sodium arsenate by boiling with 
water, filter, acidulate the alkaline filtrate with hydro- 
chloric acid, and precipitate the arsenic with sulphuretted 
hydrogen. Dissolve the sulphide by digesting with hydro- 
chloric add and x>otassium chlorate, make the solution 
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alkaline with ammonia^ and determine the aisemc, as 
directed in the analysis of arsenic ore. 

Note 18. — ^To determine sodinm and jiotassinm, fose 
1 gm. with precipitated calcium carbonate and ammoninm 
chloride, and proceed as directed in analysis of f eldspar, 
by J. Lawrence Smith's method. 

Note 19. — ^If the ore contain copi)er in considerable 
quantity, it may be det^mined in precipitate (c), or, if 
the quantity be very small, in a larger and separate {>or- 
tion of ore, by methods described in analysis of copper ore. 

Note 20.-^Water existing in the ore as mere hygro- 
scopic moisture, is determined by drying 2or 3gms. of the 
finely i)owdered ore to constant weight at a temi)erature 
of about 110° C. 

If the water be a constituent part of the ore« as in the 
case of limonite, determine it, as directed in analysis of 
hydro-disodium phosphate. 

Note 21. — ^For the determination of chlorine^ fluorine, 
carbonic add, and organic matter, consult analysis of 
limestone. 

Appendix 1. — ^Analysis of iron ore containing titanium, 
but no chromium : 

Fuse 5 gms. of the finely powdered ore with 25 gms. of 
sodium carbonate, and 6 gms. of sodium nitrate, and treat 
the fused mass as directed in Note 1. Follow the direc- 
tions given in the same note for effecting complete decom- 
position of the ore, and for filtering, washing, and drying 
residue {a). 

There will be a solution (a) and a residue (a). Treat 
residue (a) as directed in iVofe 2. Omit the treatment of 
solution (a) with sodium carbonate and bromine, as 
directed in N(^ 3, pass sulphuretted hydrogen through 
solution (a), and proceed as directed in Note 5 for the 
treatment of the solution of precipitate (6). The rest of 
the analysis is made in the same manner, asthat of iron 
ores containing chromium as well as titanium. 

Appendix 2. — ^Analysis of iron ore containing neither 
titanium nor chromium : 
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Fuse 6 gms. of the ore with sodium carbonate and 
nitrate, and proceed as directed in Note 1 for the treat- 
ment of the fused mass. Probably, if the ore has been 
properly pulverized, there will be no undecomposed ore. 
Should there be any, dry and ignite the residue, and fuse 
it again with sodium carbonate and nitrate, and not with 
sulphate, as otherwise it will be necessary to determine 
the sulphur in a separate portion of ore. 

There will be, as in the analysis of titaniferous iron ore 
containing chromium, a solution {a) and a residue (a). 

Dry, ignite, and weigh residue {a), expel the silica with 
ammonium fluoride and sulphuric acid, and estimate the 
per cent of silica by the loss of weight. Should there be 
any residue left in the crucible, it will be entirely ferric 
oxide. Bring it into solution as directed in iVbfe 2, by 
fusion with sodium sulphate. Divide this solution into 2 
parts, one of one fifth, and another of four fifths. From 
the part containing one fifth, precipitate the ferric hydrate 
by ammonia, filter, dissolve the precipitate in sulphuric 
acid, and combine the solution with that of the ferric hy- 
drate obtained from one fifth of solution (a). Add the 
part containing four fifths to four fifths of solution (a). 
Omit the treatment of solution {a) with sodium carbon- 
ate and bromine (as directed in Note 3), and at once divide 
it into two parts, one of one fifth for iron and sulphur, 
and another of four fifths for the determination of the other 
constituents of the ore. In the part containing one fifth, 
precipitate the ferric hydrate by ammonia, filter it out, 
dissolve it, together with the small precipitate obtained 
from one fifth of the residue left in the crucible after ex- 
pelling silica, and determine the iron as usual, by titration 
with potassium permanganate. In the filtrate from the 
precipitate of ferric hydrate, in one fiith of solution (a), 
determine the sulphur. (See partial analysis of iron ore.) 

Through the portion of solution (a) containing four 
fifths (combined with four fourths of the solution of the 
residue left after expelling silica), pass sulphuretted 
hydrogen. (See Note 5.) Then oxidize the filtrate, and 
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proceed as directed in Note 8. After tins, continue the 
analysis, as directed for that ore, containing both 
chromium and titaninm. 

Appendix 3. — Vanadium and tungsten have been found 
in iron ores. 

To determine vanadium, fuse 15 or 20 gms. of the ore, in 
the form of impalpable i)owder, with one third its weight 
of potassium nitrate. Then cool, and remove the mass 
from the crucible by digesting with water as usual, and 
mix carefully with nitric acid, leaving the solution slight- 
ly alkaline. PUter, and add to the filtrate barium 
chloride as long as it produces a precipitate. Filter out 
the baryta salts ; to the stUl moist precipitate add dilute 
sulphuric acid in slight excess, boil and filter. Then neu- 
tralize the filtrate with ammonia, concentrate, and add a 
fragment of ammonium chloride. As the ammonium 
chloride dissolves, ammonium vanadate is precipitated, as 
a crystalline powder. Allow it to settle, filter it out, and 
wash it with solution of ammonium chloride. Dry the 
precipitate, and heat it to red vanadic acid, which fuses, 
and cools to a crystalline mass. (H. Bose, Qibant. Anal.^ 
pp. 498, et seq.) 

To determine tungsten, fuse 15 or 20 gms. of the finely 
pulverized ore with four times its weight of sodium carbon- 
ate. (Do not use nitrate. ) Digest the fused mass with 
water, filter, and wash. Saturate the solution carefully 
with nitric acid, so that it will slightly redden litmus 
paper, after the carbonic acid has been expelled. Let it 
stand 24 hours in a moderately warm place, and then, but 
not before, add solution of mercurous nitrate as long as it 
produces a precipitate. Let the precipitate settle, collect 
it on a filter, and wash with water, to which has been 
added a little mercurous nitrate. This is necessary to pre- 
vent the liquor from running through the filter turbid. 
After drying, bum the precipitate under a chimney with a 
good draught. After calcination, tungstic acid remains 
pure. Repeat the ignition to constant weight. (See H, 
Rose, Quant. Anal., p. 488.) 
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CHAPTER XVI. 

SLAG. 

Fuse 6 gms. of the finely-pulverized slag with 25 gms. 
of anhydrous sodium carbonate and 2 gms. of sodium 
nitrate, and proceed to the determination of the silica, as 
in the analysis of feldspar. 

Dilute the filtrate from the silica, with water, to 500 c. c, 
and divide it into 2 portions, one of 100 c. c. , and equiva- 
lent to 1 gm. of the slag ; the other of 400 c. c, and equiv- 
alent to 4 gms. 

In the portion containing 100 c. c, precipitate the ferric 
oxide with ammonia, filter and wash out all sulphuric acid, 
dissolve the precipitate in hot dilute sulphuric acid, trans- 
fer to bottles, reduce with zinc and platinum, tltre with 
standardized potassium permanganate, determine the iron 
and calculate it to ferrous oxide. Acidify the filtrate from 
the precipitate of ferric oxide slightly with hydrochloric 
acid, and determine the sulphur, as in the analysis of 
magnesium sulphate. 

Saturate the portion containing 400 c. c. with sulphu- 
retted hydrogen, filter, wash well with water, and deter- 
mine any metals that may be present, by the methods 
given in their respective analyses, with the exception of 
platinum, a small quantity of which may be introduced 
into the analysis by the action of the fluxes on the cru- 
cible. 

Boil the filtrate from the precipitate produced by sul- 
phuretted hydrogen, with about 0.600 gm. of potassium 
chlorate, to oxidize sulphur of the sulphuretted hydrogen, 
and raise the ferrous to ferric oxide, and continue to boil 
until free chlorine is expelled. Then add saturated solu- 
tion of sodium carbonate until the fiuid is slightly alka- 
line^ acidify it with acetic acid, and boil to precipitate 
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basio acetates. (See analysis of manganese ore.) Heat 15 
or 20 c. c. of nitric acid in a beaker, and by means of a 
spatula add to it the precipitate of acetates (a little at a 
time), with frequent stirring. When aU that can be con- 
veniently reached by the spatula is removed, pour the hot 
solution through the filter, and wash it well. Dilute the 
solution to 400 c. c, and divide it into 2 portions, one of 
100 c. c, and the other of 300. 

In the portion containing 300 c. c, and equivalent to 3 
Sms. of slag, determine the phosphoric acid, as in analysis 
of iron ore by the first method, if the quantity of iron 
present be small, or by the second method, if it be large. 

In the portion containing 100 c. c, and equivalent to 1 
gm. of slag, precipitate alumina, ferric oxide, and phos- 
phoric acid together, b> means of ammonia, and proceed 
as in the analysis of potassium alum. 

Prom the weight of this precipitate, after ignition, 
deduct the sum of the weights of phosphoric acid and 
ferric oxide, found previously. The difference will be the 
weight of the alumina. 

Concentrate the filtrate from the basic acetates to small 
volume, precipitate with bromine, and determine the man- 
ganese as in the analysis of manganese ore. Calculate the 
manganese to manganous oxide. 

In the filtrate from the precipitate of manganic oxide, 
determine the lime and magnesia as in the analysis of 
lime*stone. 

Determine alkalies as in the analysis of feldspar. 
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CHAPTER XVII. 

CAST-IBON, STEEL, AKD WBOUGHT-IRON. 

The analysis of cast-iron covers the ground entirely, as 
the constituents of steel and wrought-iron are determined 
in the same manner a^ those of cast-iron. A large number 
of substances may be found in the iron, either combined 
or mixed with it. Those usually determined in cast-iron 
are combined carbon (or carbon chemically combined with 
iron), uncombincd carbon (or carbon existing in the form 
of graphite), silicon, phosphorus, sulphur, manganese*, 
and copper. Besides these, the iron may contain nitro- 
gen, potassium, sodium, lithium, calcium, magnesium, 
aluminium, chromium, titanium, zinc, cobalt, nickel, 
tin, arsenic, antimony, vanadium, molybdenum, barium, 
slag, and, in rare cases, traces of other metals. Iron is 
usually estimated by difference, that is, the difference 
between 100 and the sum of the per cents of the other 
substances found. In many cases, however, it is neces- 
sary to determine it directly. Owing to the large number 
of substances that may be found in cast-iron, it is better 
to make the analysis on a number of separate portions, to 
avoid complexity. 

For the determination of iron^ harium^ and titanium^ 
weigh 10 gms. of the material in the form of borings, 
filings, or chips, transfer to a capacious casserole, cover 
with a convex glass, add 800 c. c. of water, containing 30 
c. c. of concentrated sulphuric acid, heat on a water-bath 
until the iron is dissolved, remove the cover, and heat 
over a burner until copious fumes of sulphuric acid are 
evolved. Cool, dilute with about 200 c. c. of cold water, 
filter, and wash with about the same quantity of cold 
water. Dry the residue (which may contain graphitic 
carbon, iron, barium, and titanium, besides silica), ignite 
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it, together with, the filter, in a platinum crucible, add 7 
or 8 gms. of sodium carbonate and 3 or 4 of sodium 
liitrate, and fuse over a Bunsen burner, until the contents 
of the crucible are fluid. By this means the carbon will 
be consumed. Then remove the fused mass from the cru- 
cible with water, acidulate with hydrochloric acid, add 8 
or 10 drops of sulphuric acid, and evaporate to dryness, 
as usual, for silica. To the dry mass add about 1 c. c. of 
concentrated sulphuric acid, and 40 or 60 c. c. of water, 
filter out and thoroughly wash the silica, which may con- 
tain barium sulphate and titanic oxide, and add the fil- 
trate to the principal solution, which will now contain all 
the iron and the larger part of the titanium. Dry the sili- 
ceous residue, treat it with acid sodium sulphate and sul- 
phuric acid, as directed in '^complete analysis of iron 
ore," JH'ote 2, dissolve in cold water, filter, wash thor- 
oughly with cold water, and add the filtrate to the princi- 
pal solution, which will now contain all the iron and titan- 
ium, while the residue will contain silica and barium. 
Dry the residue, ignite it in a platinum crucible, cool, and 
weigh. Expel the silica with ammonium fluoride and 
sulphuric acid. The loss will be silica. Determine it as a 
check. Fuse the residue with sodium carbonate, digest 
the fused mass with hot water, transfer it to a filter, and 
wash with hot water, until the sodium sulphate and excess 
of fiux is washed out. The barium will remain on the 
filter as carbonate. Dissolve it through the filter with 
dilute hydrochloric acid, precipitate barium sulphate as 
usual, and calculate the barium. 

Precipitate the ferric and titanic oxides with pure potas- 
sium hydrate, and proceed to determine the titanium as 
directed in JN^ote 7 of "complete analysis of iron ore." 

Treat the filtrate as directed in the same note, and in 
one tenth determine the iron by titration with potassium 
permanganate, as usual. 

If no titanium be present, the determination of iron 
may be made on 1 gm., which is to be treated in the man- 
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ner directed above, with the exception of the steps taken 
for the separation of titanium. Of course, the treatment 
for the determination of barium will be unnecessary. 

The presence of hydrocarbons in the solution renders it 
impossible to determine iron accurately with potassium 
permanganate. Consequently, it is advisable, even after 
evaporating to fumes of SOs, as above, to precipitate the 
fenic hydrate, wash it well, and re-dissolve it in sulphuric 
acid. 

A great many methods for the determination of carbon 
ia iron and steel have been proposed and used, of which 
only a few can be noticed here. Usually, all that is re- 
quired to be known is the total amount of carbon. In 
iron and steel containing no graphite this is aU combined. 

Where the per cent of carbon present in both conditions 
(that is, as combined with the iron as carbide and uncom- 
bined or graphitic) is required, the total carbon is deter- 
mined in one portion of the iron, and the graphite in 
another. The difference between the amount of total 
carbon, and that of the graphite, gives the amount of 
combmed carbon. 

To determine total carbon, Weyl dissolves a piece of the 
iron, previously weighed, suspended in dilute hydro- 
chloric acid, by means of platinum pincers, or wire, from 
the positive pole of a weak galvanic battery (1 Bunsen 
element), the platinum f oU forming the negative electrode 
being also immersed in^the fluid. The strength of the cur- 
rent is regulated by 'increasing or diminishing the distance 
between the piece of iron or steel and the platinum foil, 
which form the two electrodes. No ferric chloride should 
be formed. Should it be, it can be detected by the 
yellowish color of the solution descending from the iron. 
To prevent this, the distance between the electrodes is in- 
creased. When a suflSicient quantity of the iron has been 
dissolved, which will require 10 or 12 hours, the carbon is 
removed from the undissolved portion of the iron, by 
brushing it off and washing it into the solution. The lump 



TOTAL CARBON. 105 

of iron is then dried and weighed, and the qnantity taken 
determined by the loss of weight. The carbon is then col- 
lected in a funnel, the neck of which is lightly plugged 
with a little ignited asbestos, washed moderately with water, 
dried, mixed with copper oxide, and burned in a current 
of oxygen gas. The resulting carbonic acid is absorbed in 
soda-lime, and the carbon calculated. (See Fres., Quant. 
AnaL^ % 229, p. 636, and also Crookes's Select Methods ^ 
p. 76.) For the method of making the combustion, see 
^* Sugar (Ultimate Analysis)." 

Weyl's method is applicable to the determination of 
carbon in hard iron, that cannot be readily broken into 
smaU fragments, or be reduced to powder, by the drill 
or file. As carbon is sometimes carried by the mechanical 
working of the current, particularly in the case of steel, 
from the positive to the negative electrode, it is prudent 
to interpose a diaphragm of bladder or parchment paper. 

Regnault's method, for which consult Fres., QuaTd. 
AnaL^ 4th London Ed., § 249; and Boussingault's, for 
which see Crookes's Select MetJiods^ p. 77, can be used only 
in the case of iron that is susceptible of being reduced to 
a state of very fine division. 

R. E. Rogers and Wnu B. Rogers proposed the use of 
copi)er sulphate to dissolve the iron, and the oxidation of 
the residual carbon by means of potassium bichromate and 
sulphuric acid, absorbing the resulting carbonic acid in 
soda-lime or potassium hydrate. (See Am. Jour. Sd. arid 
ArtSy 1848.) 

UUgren afterward proposed the same method, using 
chromic acid instead of potassium bichromate. (See Fres., 
Quavi. Anal.^ 4th London Ed., § 249.) 

In a paper published in the Chemical News of May, 
1869, Arthur Elliott proposed a modification of Rogers's 
and Ullgren's methods. His process is among the best in 
use. It has given very satisfactory results, in a great 
many analyses, made by the writer, of iron, steel, 
graphite, and coal of various kinds. For a few experi- 
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ments, giving the time occupied and the 'per cent of 
carbon obtained, by this method, and combustion in 
oxygen, see a paper published by the writer in the Am. 
CTiemist of October, 1871. 

Add to 2 or 3 gms. of borings, filings, or very small 
. fragments (in a small beaker) 50 c. c. of a solution of neu- 
tral copper sulphate (containing 1 part of the salt in 5 
parts of water), and heat gently for about ten minutes. In 
order to obtain the neutral sulphate, dissolve the recrystal- 
li2ed salt (as sold by the dealers) in water, add a small 
quantity of copper oxide, boil until the copper sulphate 
begins to crystallize, filter out the excess of oxide, and 
concentrate the solution until it is completely crystallized- 
Dry the crystals by draining off the water, should 
there be any, and pressing them between layers of bibu- 
lous paper, and dissolve them in water in the proportion 
stated above. After heating the solution of copper sul- 
phate, containing the iron, about ten minutes, by which 
means the iron will be dissolved and copper precipitated, 
add 20 c. c. of a solution of copper chloride (containing 1 
part of the salt in 2 parts of water), and 60 c. c. of con- 
centrated hydrochloric acid, and heat to a point just be- 
low boiling, with frequent stirring, until the precipitated 
copper is dissolved, leaving the carbon free. Filter it out 
through a funnel, made of large glass tubing. The funnel 
should be about half an inch in diameter, and 5 inches 
long, and drawn at one end, to a point about 4 mm. wide. 
Fill the point of the funnel with broken glass, up to the 
shoulder, and place upon the glass a thin layer of ignited 
asbestos, pressing it carefully against the walls of the 
funnel. Care should be taken not to make the plug of 
asbestos too thick or compact, as it is liable to become 
clogged by the carbon. The layer of asbestos should be thin 
enough to allow water to run through at the rate of a- f un- 
nelful in ten seconds. Transfer the carbon to the filter, 
and wash with hot water until it is free from chlorides. 
After washing down all the carbon from the sides of the 
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tube, cut it off about 1 inch above the layer of carbon, by- 
scratching the glass with a file, and pressing a red-hot 
glass rod against the cut. Then invert the part contain- 
ing the carbon into the mouth of the decomposing flask 
of an apparatus similar to that described in the analysis of 
calcite, for the determination of carbonic acid by direct 
weight, and blow the contents into the flask, avoiding the 
use of water by wiping out any carbon that may adhere 
to the glass with a little- ignited asbestos, and throwing 
this also into the flask. To the filtrate from the carbon 
add 4 or 5 c. c. of concentrated hydrochloric acid (to pre- 
vent the formation of any precipitate of basic copper salt), 
and dilute with water, until the fluid is transparent. If 
any carbon has passed through the asbestos it can readUy 
be seen in the transparent fluid. Should there be any, 
allow it to settle, filter it out on another filter of ignited 
asbestos, and add it to that in the flask. Then weigh the 
absorption-tube, introduce into the flask about 3 gms. of 
chromic acid, put the apparatus together, and start the 
aspirator very slowly. After the aspirator has run long 
enough to partially exhaust the air in the apparatus, intro- 
duce, through the funnel-tube, about 30 c. c. of pure con- 
centrated sulphuric acid, close the stop-cock of the funnel- 
tube, and heat slowly up to boiling. After the acid boils, 
remove the heat, put on the guard tube, open the stop- 
cock of the funnel-tube, and aspirate slowly, until the ab- 
sorption-tube is cool. After it is thoroughly cooled, weigh 
it, and from the increase of weight, due to carbonic acid, 
calculate the carbon, (For ElUott's description, consult A. 
Vacher's 6th Edition of Fres, Qtuint. Arml.y London, 
1870.) (See cut on p. 25.) 

Professor Langley proposes to bum the carbon directly 
in a current of oxygen, after treating the iron with copper 
sulphate. His directions are to introduce the iron or steel 
in a finely-divided condition into the cold solution of 
copper sulphate, and raise the heat gradually, on a water- 
bath, to SO"" C, with frequent stirring, and filter the 
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spongy mass on a common funnel, loosely plugged with 
asbestos. A porcelain tube of about three fourths of an 
inch internal diameter is placed in a furnace, which will 
keep at least 10 inches of the tube up to a full yellow heat ; 
a plug 2 inches in length is inserted in the anterior end. 
This plug is made by coiling up fine copper beU-wire till 
it is just large enough to flU the tube closely ; the inter- 
stices between the wires will always be large enough to 
aUow of the passage of gas. Air being now drawn through 
the apparatus, the copper is deeply oxidized, and thus a 
filter of oxide of copper is produced, which, at a red heat, 
will oxidize any carbonic oxide or hydrocarbon which may 
pass over it. To hold the matter to be burned, a copper 
boat is provided, which is easily made by folding up a 
piece of sheet copper ; it should be about 5 inches long, 
and, when bent, form a half cylinder with closed ends ; a 
few small holes may be made through the bottom with a 
punch, in order to make the vessel i)orous. On the 
bottom of the boat a stratum of asbestos is laid, and on 
this the mixed copper and carbon sponge is loosely placed. 
The anterior end of the tube containing the wire plug be- 
ing first heated, the boat is then introduced, and the com- 
bustion conducted in the nsual manner, either in purified 
oxygen or air. (See Am. CTiem.y Vol. VI., September, 
lb75.) 

Dr. Eggertz, of the Swedish School of Mines, has pro- 
posed a method of determining the combined carbon in 
iron and steel, by comparing the color of a solution of the 
iron or steel under examination with that of a solution of 
another sample of known constitution. When steel or 
pig-iron, containing carbon in chemical combination, is 
dissolved in nitric acid, a soluble brown coloring matter is 
formed, whose coloring power is very intense, and the 
solution assumes a tint which is dark in proportion to the 
quantity of the chemically combined carbon. Iron and 
graphite do not influence this coloration, for the solution 
of ferrous nitrate is colorless, or, at most, slightly green- 
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isli, xmless extremely concentrated, and graphite is insol- 
uble in nitric acid. Thus, in dissolving two pieces of dif- 
ferent steels, of the same weight, in nitric acid, taking care 
to dilute the dark solution until the two liquids present 
exactly the same color, it is very evident that the more 
highly carburetted steel will furnish the larger quantity of 
liquid, and that the proportion of the volumes wUl indi- 
cate the relative proportion of color in the two steels. If, 
now, the composition and per cent of carbon of one of the 
steels is known, the absolute percentage of carbon in the 
other steel may be immediately deduced. Dr. Eggertz 
has applied these reactions to a method of estimating the 
combined carbon. In a cylindrical test-tube, dissolve 
gradually in the cold 10 centigrammes of wrought-iron, 
steel, or cast-iron, reduced to a fine powder, in 1 J to 5 c. c. 
of nitric acid of 1.2 sp. gr. The nitric must contaia no 
hydrochloric add, because the solution of iron would have 
a yellow tint. In proportion as the metal contains more 
carbon, more nitric acid must be used. After some time, 
when flie chief part of the metal appears to be attacked, 
place the tube in a water-bath, and warm it to 80^ C, in 
such a position that only the lower part of the tube is in 
contact with warm water ; a movement takes place in the 
acid which favors its reaction ui)on the metal ; a slight dis- 
engagement of gas from all the particles of carbon may be 
observed. The operation should always be conducted 
under the same conditions as to heat and length of 
time. The evolution of gas having ceased (in operating 
upon steel, the reaction must continue two or three hours), 
place the tubes in a large vessel filled with cold-water, to 
bring the solution always to the same temperature. This 
precaution is indispensable, because the same liquid is 
darker when warm than when cold. Afterward, pour off, 
as exactly as possible, the clear liquid into a graduated 
burette. Upon the black residue remaining in the tube, 
pour some drops of nitric acid, and heat carefully over a 
lamp. If there is no further liberation of gas, the residue 
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consists of nothing but graphite or silica. Cool the new 
solution, and add it to that which is abeady in the bu- 
rette. The liquid is then diluted with water until its color 
corresponds exactly with that of the normal liquid, which 
latter should be of such a degree of concentration that 
each c. c. represents 0.0001 gm. of carbon. If, for instance, 
this normal liquid is prepared from cast-steel containing 
exactly 0.85 per cent of carbon, 1 decigramme of that steel 
must be dissolved in 8.5 c, c. of nitric acid; jOO gms. of 
steel, containing 85 centigrammes of carbon, would thus 
be dissolved in 8500 c. c. of the normal solution ; 100 c. c. 
of that solution would represent 1 centigramme of carbon, 
and, consequently, 1 c. c. of the normal solution would rep- 
resent 0.0001 gm. of carbon. 

To compare the normal solution with the solution of iron 
under examination, it should be contained in a tube of the 
same kind, and when the two tubes are held together by 
daylight before a thin sheet of paper, the color should be 
exactly the same in both of them. As the normal solution 
alters slightly in color by keeping, and begins to become 
paler after 24 hours, it is not possible to keep such a solu- 
tion for use in a tube hermetically sealed. A solution of 
burnt sugar in weak alcohol gives a solution of exactly the 
same shade of color as the normal solution, and maintains 
its color for a considerable time when protected from the 
light. A solution of roasted coffee in alcohol has also been 
found to be very satisfactory, But the best plan is to 
make the solution fresh, as it is required, by dissolving 0. 1 
gm. of steel, containing a known amount of carbon, in 5 
c. c. of nitric acid, and diluting it to the requisite degree, 
which may be indicated by a mark upon the tube corre- 
sponding to the percentage of carbon in the steel. If an 
iron solution of exactly the same color as the normal solu- 
tion is diluted with one tenth of its bulk of water, the color 
becomes distinctly paler, so that the -delicacy of the method 
may be judged of from this. 

J, Blodgett Britton, in the Jour, of the FranTdin Insfi- 
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tute for May, 1870, lias suggested a modification. 
Instead of a single tube, containing a standard solution for 
comparison, a number of tubes, having their solutions dif- 
ferently standardized one from- the other, are employed. 
They are arranged securely in a wooden frame, with spaces 
between for placing the tube containing the solution to be 
tested. The tubes are five eighths of an inch in diameter, 
and three and a half inches in length, filled with water and 
alcohol, colored with roasted coffee, and" hermetically 
sealed. The solution in the first tube has its color to cor- 
respond exactly with one produced by 1 gm. of iron con- 
taining 0.02 per cent of combined carbon, dissolved in 15 
c. c. of nitric acid. The solution in the tube next to it has 
its color to correspond with one produced by the same 
quantity of iron, but containing 0.04 per cent of combined 
carbon, and so with each of the other tubes, increasing 
0.02 per cent of carbon in regular succession, the last 
reaching 0. 3 per cent, which is indicated by figures on 
the rail of the frame opposite each tube. On the back of 
the instrument is stretched some fine white parchment 
paper. 

The process is conducted as follows : 

One gm. of the finely-divided metal is put into a tube of 
about 1.5 inches in diameter and 10 inches long, and di- 
gested for 15 or 20 minutes in 10 c. c. of nitric acid of a 
little more than 1.2 sp. gr., free from chlorine. The solu- 
tion is then cautiously poured into a beaker, and a small 
portion of metal, which remains undissolved and adheres 
to the bottom of the tube, is treated with 5 c. c. of fresh 
acid, exposed to a gentle heat till completely dissolved, 
and added to the other. The contents of the beaker, when 
sufficiently cool, are filtered through two thicknesses of 
German paper (not previously moistened, and of a diam- 
meter not exceeding 4.5 inches) into a tube about five 
inches long, and of precisely the same diameter as those 
in the instrument. After the filtered solution has re- 
mained for some minutes at the temperature of the atmo- 
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sphere, and its color become fixed, the tube is placed in 
the instrument, and the carbon determined by a compari- 
son of shades ; the determination may be made readily as 
closely as 0.01 per cent. Heat should not be applied in 
the first instance to facilitate the solution of the metal, be- 
cause a high temperature is apt to cause a slight change 
of color. Two thicknesses of paper are taken be- 
cause one is liable to break, and the paper should be 
used dry, for, if previously wetted, the water will weaken 
the color of the solution, and it ought to be cut to a size 
not exceeding 4.5 inches, to prevent undue absorption. 

If the metal to be examined contains more than 0.3 per 
cent of carbon, 0.5 gm., or less, of it may be taken, or the 
solution may be diluted with an equal volume of water, or 
more, and the proper allowance made ; or an instrument 
of higher range may be used. On the other hand, if the 
metal contains a very small percentage of carbon, 2 gms. 
of it may be taken. (Compare Crookes' s "^lect Methods^ 
p. 81.) 

For other methods, consult Fres., Quard. AnaL^ 4th 
London Ed., § 249. 

For the determination of the graphite Eggertz's method 
is as follows : One gramme or more of iron, reduced to 
small pieces, or white pig-iron crushed in a steel mortar, 
S. i or gray pig-iron in small chips, is dissolved in 15 c. c. of 
^r / hydrochloric acid of 1.12 density, in a small flask covered 
with a watch-glass, and, when the iron is dissolved, the so- 
lution boUed for half an hour. All the carbon combined 
with the iron is disengaged in the form of carburetted hy- 
drogen gas, while the graphite and silica remain. If the 
carbonaceous residue, left after dissolving the iron, comes 
in contact with atmospheric air before the liquid is boiled, . 

it is so altered that it is not dissolved, and disengaged as 
gas. The graphite that remains after boiling the liquid is 
collected on a filter of known weight, washed, dried, and 
weighed. It is then burnt, and the residual silica weighed 
to ascertain the weight of graphite. See Crookes' s Select 
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Methods^ pp. 79 and 80, where a modification is proposed, 
as follows : 

In a beaker of 100 c. c. capacity, mix 4 c. c. of sulphuric 
acid and 20 c. c. of water, and when the heat produced by 
the combination of the water and the acid has entirely 
disappeared, shake 2 gms. of finely powdered pig-iron 
into the dilute acid, and boU for half an hour. (For steel 
and wrought-iron not less than 3 gms. should be taken, 
and the acid for solution increased in proportion.) The 
solution is then evaporated until it measures 18 c. c, 
allowed to cool to the temperature of 50° C, and 4 c. c. of 
nitric acid of sp. gr. 1.20 added ; boil for a quarter of an 
hour, and allow to evaporate on a water-bath until, on 
holding a watch-glass over the beaker, there occurs upon 
it no perceptible condensation. To the dry mass add 30 
c. c. of water, and 5 c. c. of hydrochloric acid, sp. gr. 
1.16, boil for a quarter of an hour, and add more hydro- 
chloric acid if there appears to be anything besides silica 
and graphite undissolved. The insoluble silica and 
graphite are thrown on a filter (which has been dried at 
100° C. and carefully weighed), washed with cold water 
until the washings give no reaction for iron when tested 
with potassium ferrocyanide, then washed with boiling 
water containing 5 per cent of nitric acid. The silica and 
graphite are then dried on the filter at 100° C, and 
weighed, ignited in a porcelain crucible, and the weight 
carefully taken. The difference between the weighings 
before and after ignition gives the amount of the 
graphite. 

The objection to the method of determining the graphite 
by burning it, after drying it at 100° C, «vhen mixed with 
silica, is that at that temperature water is not expelled 
from the silica, or even at a much higher heat. Conse- 
quently, the loss which represents the weight of graphite is 
partly water. This objection applies to all methods where 
the graphite is determined by igniting and weighing the 
residual silica. The extreme diflBiculty , at times, of burning 
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the graphite in a crucible may be considered another 
objection. 

The best method is to dissolve from 2 to 3 gms. of gray 
pig-iron, or from 4 to 5 gms. of white iron, steel, or 
wrought-iron in dilute hydrochloric acid, and boil for 
about half an hour, filter through asbestos in a funnel 
made of glass tubing, and arranged as directed for the 
determination of total carbon ; wash with hot water until 
all acid is washed out, then with strong solution of potas- 
sium hydrate, which will remove silica, afterward with 
hot water, to wash out any potassium carbonate, of which 
the potassium hydrate is apt to contain some, then with 
alcohol (which will remove hydrocarbons) until the 
alcohol runs through the funnel colorless, again with a 
little hot water, then with ether until it passes through 
colorless, in order to displace the water, and remove 
another class of hydrocarbons, which th^ alcohol may have 
failed to reach. It is well, finally, to wash with a little 
hot water (particularly if the ether used is not perfectly 
pure), in order to keep the graphite from adhering to the 
walls of the funnel, when blown into the decomposing- 
flask, being careful to remove any excess of water by 
gently blowing through the funnel. After the graphite is 
thoroughly washed, it is transferred to the decomposing- 
flask, and oxidized with chromic and sulphuric acids, in 
precisely the same manner as in the determination of total 
carbon. If it is preferred, the graphite may be transferred 
to a boat, and burned in a current of oxygen as in 
'' Sugar (Ultimate Analysis)." 

To determine the silicon, sulphur, and phosphorus, dis- 
solve 10 gms. of potassium chlorate in 200 c. c. of hot 
water, in a flask holding at least 1 litre, heat to boiling, 
P and introduce 6 gms. of the iron, in the form of borings 

or chips. Then remove the source of heat, add (little by 
little) 60 c. c. of pure concentrated hydrochloric acid, and 
heat until the iron is dissolved, which may be known by 
there being no heavy particles on the bottom of the flask, 
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which will not rise when the flask is shaken. There may- 
be a large quantity of black carbon in the fluid, but this 
will rise when agitated. Transfer the contents of the flask 
to a large casserole, evaporate to dryness on a water-bath, 
and then heat in an air-bath, at about 110'' C, until the 
odor of hydrochloric acid cannot be detected. To the 
thoroughly dry mass add 10 c. c. of hydrochloric acid, 
and 30 c. c. of water, and heat on a water-bath antil 
everything is dissolved except silica and graphite. Then 
dilute with 60 or 60 c. c. of water, filter, and wash with 
cold water, until the washings give no reaction for 
chlorine. To the filtrate add ammonia in excess, to pre- 
cipitate the ferric hydrate, which will carry the phos- 
phorus with it, and wash until the washings give no reac- 
tion for sulphuric acid. Acidulate the filtrate slightly 
with hydrochloric acid, precipitate barium sulphate as 
usual, and calculate the sulphur. In almost all cases, 2 
c. c. of a saturated solution of barium chloride will be suf- 
ficient to precipitate all the sulphijr in 5 gms. of iron. It 
is well, however, to be assured that a sufficient quantity 
of the reagent has been added, by testing a few drops of 
the filtrate with sulphuric acid, as directed in the analysis 
of magnesium sulphate. 

To determine the phosphorus, dissolve the precipitate of 
ferric hydrate, containing ferric phosphate, in hydro- 
chloric acid, and proceed as directed in partial analysis of 
iron ore by Method No. 2. 

To determine the silicon, dry the residue (containing 
silica, graphite, and perhaps a little ferric oxide) left after 
filtering the solution of 5 gms. of iron, bum it in a plat- j 
inum crucible, add 5 or 6 gms. of sodium carbonate, and 
2 or 3 gms. of sodium nitrate, and heat over a good burner 
until the contents of the crucible are fluid and the graphite 
oxidized. Do not heat unnecessarily. Treat the fused 
mass as directed in the analysis of feldspar for the determi- 
nation of silica. As the silica obtained may contain a 
little ferric oxide and platinum from the crucible, expel it 
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by means of hydrofluoric and sulphuric acids, and from 
the loss calculate the silicon. The estimation of the silicon 
by treating the original residue with hydrofluoric and 
sulphuric acids, before removing the graphite, would be 
erroneous, as some of the graphite would also be expelled 
by the action of the acids. Such has been the experience 
of the writer. 

A common method of determining sulphur in iron is to 
dissolve a weighed quantity of the iron with hydrochloric 
acid in a flask or retort, conducting the sulphuretted 
hydrogen formed into a solution containing some metal, 
which will be precipitated as sulphide, oxidizing the sul- 
phur of the sulphide into sulphuric acid, and precipitating 
i^ with barium chloride. Dr. Drown has substituted a 
solution of potassium permanganate. By his method, 6 
or 6 gms. of the iron are dissolved in hydrochloric acid, 
and the sulphuretted hydrogen resulting condu'^ted into a 
solution of 1 gm. of potassium permanganate in 200 c. c. 
of water, contained in three tubes or bottles. After the 
evolution of the gas has entirely ceased, and air has been 
drawn through the tubes or bottles for some time, the 
contents are poured into a beaker, and the bottles rinsed 
out with water, and any manganese oxide dissolved in a 
little hydrochloric acid. Enough hydrochloric acid is then 
added to the beaker to completely decompose the per- 
manganate and convert it into a clear, colorless solution, 
in which the sulphuric acid may be directly precipitated. 
If the solution does not become perfectly clear, owing to 
impurities in the permanganate used, filtration is necessary 
before precipitation. Before precipitating the sulphuric 
acid, the residue left after treatment with hydrochloric 
acid in the flask is filtered oflf and washed, then evaporated 
twice to dryness with aqua regia, taken up with hydro- 
chloric acid, filtered, and the filtrate added to the main 
solution. (See Am. Chemist^ Vol. IV., May, 1874.) 

For a colorimetric method of estimating sulphur in iron 
by Eggertz, see Crookes's Select Methods^ p. 85. 
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For the determination of chromium, aluminum, manga- ^ 
nese, zinc, nickel, cobalt, calcium, and magnesium, dis- ^ 
solve 6 gms. of iron or steel, in the same manner as for the 7Um. 
determination of silicon, sulphur, and phosphorus, with ^ 
hydrochloric acid and potassium chlorate, and after cu. 
evaporating, drying, dissolving the mass, and filtering 7u^ 
out the silica (which may be determined here, as a check 
on the previous determination), proceed as directed in 
Notes 3 and 4 of ''Complete Analysis of Iron Ore ^^ for the 
determination of chromium^ and the treatment of residues 
and precipitates. 

Dissolve the precipitate caused by sodium carbonate, in 
the treatment for chromium, in hydrochloric acid, add to 
it the solution of any residue, and precipitate, as directed 
in Woie 4 of ' ' Complete Analysis of Iron Ore, ' ' and boil with 
the addition of 2 or 3 c. c. of nitric acid, to ensure com- 
plete oxidation of iron. Then precipitate basic acetates 
twice, as directed in the analysis of manganese ore, filter, 
and wash well. 

In the filtrate from the basic acetates will be found the 
manganese, zinc, nickel, cobalt, calcium, and magnesium. 
For their separation and determination, consult Note 16 of 
" Complete Analysis of Iron Ore." 

If no zinc, nickel, or cobalt be present, the manganese 
may be precipitated by bromine, and determined immedi- 
ately, as directed in iVb^(? 13 of '' Complete Analysis of Iron 
Ore," and the calcium and magnesium determined in the 
filtrate from the manganese as in Notes 13 and 14. 

To determine the aluminum, dry the precipitated ace- Qj^ 
tates, transfer them to a silver crucible, bum the filter, add 
the ash, and fuse with pure sodium or potassium hydrate ; 
then boil the fused mass with water. By this means, the 
alumina will be dissolved. FUter, wash, acidify the 
alkaline filtrate strongly with hydrochloric acid, add 
slight excess of ammonia, and determine the alumina as 
in the analysis of potash alum, from which calculate the 
aluminum. H. Eose, who suggested the fusion with po- 
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tassium hydrate, precipitates the alumina with ammonium 
carbonate, from the solution, strongly acidified with 
hydrochloric acid. (See his Quant. Anal,^ *' Separation of 
Alumina, from Ferric Oxide. ' ' ) 

To determine copper, tin, arsenic, and antimony, treat 
20 gms. of the iron in the finest possible state of division 
with a previously-heated mixture of 1 volume of nitric 
acid and 3 volumes of hydrochloric acid (both acids must 
be pure and strong) in a very capacious, long-necked, 
obliquely placed flask, at a gentle heat. When all visible 
action has ceased, decant the solution, and treat the 
residue with a fresh portion of aqua regia. Mix the solu- 
tions, dilute copiously, and treat in a large flask with 
sulphuretted hydrogen, at first in the cold, then at 70° C. 
Allow the fluid (saturated with sulphuretted hydrogen) to 
settle for 24 hours, filter, dry the precipitate, which con- 
sists principally of sulphur, and extract it with bisulphide 
of carbon. There usually remains a small black residue, 
which often contains, besides sulphide of copper, a little 
sulphide of arsenic and sulphide of antimony. (See Fres., 
Quant Anah^ % 249-5.) There may be also sulphides 
of other metals of Groups V. and VI. Filter out the 
precipitated sulphides, wash and digest the precipitate 
with potassium hydrate and potassium sulphide contain- 
ing an excess of sulphur. The copper sulphide will 
remain undissolved while the sulphides of tin, antimony, 
and arsenic will go into solution. Decompose the copper 
sulphide with nitric acid, replace the nitric with sulphuric 
acid, and determine the copper electrolytically, as in the 
analysis of copper ore. 

For the determination of the tin, arsenic, and antimony, 
consult analysis of type metal. 

To determine the alkaline metals, dissolve 20 gms. of the 
iron in dilute hydrochloric acid, evaporate nearly to dryness, 
on a water-bath, in order to remove large excess of free acid, 
add water, and boil. Add to the solution an excess of 
barium hydrate, and proceed as in the analysis of feldspar. 
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To determine the nitrogen, treat about 2 gms. of the 
finely-divided cast-iron, in a tubulated retort, with a solu- 
tion of 10 gms. of neutral crystallized copper sulphate, 
and 6 gms. of fused sodium chloride. When the iron is 
dissolved, add milk of lime, and distill, until half the fluid 
has passed over into a receiver which -contains a sufficient 
amount of standard solution of sulphuric acid, and deter- 
mine the amount of sulphuric acid neutralized by the am- 
monia, which has been expelled, by titration with standard 
solution of potash, as in the analysis of guano (which 
consult; also seePres., Qvunt AnaLy §249, 4th London 
Edition). For a description of the apparatus, and the 
method of making the distillation, consult Fres., Quant. 
Anal.y § 99—3 — a., p. 157. Tha,ammonia is calculated to 
nitrogen. Thorpe suggests that the nitrogen, if minute in 
quantity, may be determined by Nessler' s solution. (See 
analysis of potable water.) Only a part of the nitrogen is 
evolved by this treatment ; the rest remains in the car- 
bonaceous residue. Ullgren determines this by combus- 
tion with mercuric sulphate, and measurement of th§ 
evolved nitrogen. The apparatus consists of an ordinarj^ 
combustion-tube, about 80 c. c. long, one end of which is 
closed by fusion. It is then filled for about 5 c. c. with 
magnesite or sodium bicarbonate, on which is placed a 
plug of asbestos. A mixture of about 0.1 gm. of the car- 
bonaceous residue (previously dried at 130° C), and 3.5 or 
4 gms. of mercuric stilphate, is then made in an agate 
mortar, and transferred to the tube, together with a small 
quantity of mercuric sulphate, used to rinse the mortar. 
An asbestos plug follows next ; then, for about one third 
of the remainder of the tube, a layer of pumice, mixed 
with moistened mercuric sulphate and dried ; on this is 
placed a plug of asbestos. Finally, the tube is filled with 
pumice, which has been boiled in a concentrated solution 
of potassium bichromate, and allowed to drain. This serves 
to absorb the sulphur dioxide which may be formed. The 
tube is then closed with a caoutchouc stopper, through 
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whicli passes a small tube, so bent that it passes down 
into a mercury trough, and up under a vertical tube hold- 
ing about 90 c. c, havdng a bulb of a capacity of about 
40 c. c. blown in it, in such a way that the part above the 
bulb will hold about 20 c. c, and the i)art below the bulb 
about 30 c. c. The narrower part is graduated to divis- 
ions of 0.1 c. c. The tube is filled with mercury, and in- 
verted in the bath. Solution of potassium hydrate (1 part 
potassium hydrate and 2 parts water) is introduced until 
the bulb is filled to within about 10 c. c, and then 15 c. c. 
of a saturated and clear solution of tannic acid. The ex- 
treme end of the tube, where the magnesite is placed, is 
now heated gently, the heat being gradually extended 
and increased until about half the carbonate is decom- 
posed, thus expelling the au*. The tumed-up end of the 
delivery-tube is then brought under the graduated-tube, 
and the part of the combustion-tube containing the •car- 
bonaceous residue heated gently* Then the part containing 
the pumice and mercuric sulphate is heated, and when it 
is red hot, that containing the residue is heated to strong 
/red heat. When gas ceases to be evolved, heat the rest of 
the carbonate to sweep the tube. Transfer the receiving- 
tube to a water-trough, when the mercury and potash will 
be replaced by water. Measure the nitrogen, making cor- 
rections for temperature and pressure, and calculate nitro- 
gen. (Fres., Quant. Anal.^ § 249, 4th London Edition.) 

To determine vanadium, dissolve 40 or 50 gms. of the 
iron, reduced to a finely-divided condition by filing or 
drilling, in dilute sulphuric acid. Filter out and wash the 
black residue, which wUl contain all but traces of the 
vanadium, and proceed as directed in AppcTidix 3, of 
'^Complete Analysis of Iron Ore." (Consult, also, H. 
Rose, Quant, Anal.^ p. 498.) 

To determine molybdenum, treat a large quantity of the 
iron, as for vanadium, with dilute sulphuric acid. Filter 
out and wash the residue, digest it with yellow ammonium 
sulphide, which wiU dissolve the molybdenum, with other 
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metals whose sulphides are soluble in the alkaline sul- 
phides. Filter, wash, and acidulate the filtrate. To re-pre- 
cipitate the sulphide, filter, wash, digest with strong nitric 
acid to oxidize the sulphur, make alkaline with ammonia, 
and filter. AH molybdio add should go into solution. 
Then make the solution slightly acid with nitric acid* 
allow it to stand for some hours, and add solution of 
neutral mercurous nitrate in sufficient quantity. The 
yellow precipitate, which is at first bulky, soon contracts. 
Filter on a weighed filter, wash with a dilute solution of 
mercurous nitrate, dry, transfer the dry precipitate as 
completely as x>ossible from the filter to a platinum or 
porcelain crucible, and ignite in a stream of hydrogen, 
cool, and weigh, and repeat until the weight remains con- 
stant. The heat should not be raised above gentle redness. 
Finally, weigh the dio3dde, and calculate the molybdenum. 
As molybdic acid is volatile, instead of burning the filter, 
weigh it, and from the weight of the small portion of pre- 
cipitate adhering, calculate the molybdenum, and add the 
weight to the other. (See H. Rose, Quant. Anal,^ article 
"' Molybdenum," p. 490.) 

To determine any slag that may be mixed with cast-iron, 
pulverize about 3 gms. as finely as possible by boring with a 
dull drill and rubbing in a steel mortar, being careful not 
to lose any of the dust. Add this (little at a time) to 6 
c. c. of bromine, previously mixed with 60 c. c. of water 
which has been boUed and cooled to 0*^ C. in a beaker of 
about 100 c. c. capacity. Keep the fluid at O*' C. for 3 
hours, with frequent stirring. No evolution of gas should 
take place. After the iron appears to have dissolved, 
allow the fluid to stand for 24 hours at the ordinary tem- 
perature of the atmosphere. Then add 30 c. c. of ice- 
water, which has been previously boUed^ allow the mixture 
to settle, and decant, on a small, filter, the fluid containing 
light particles of carbon. Repeat, until only hard, dark 
powder remains at the bottom of the beaker. Test this for 
undissolved iron, by adding 2 drops of hydrochloric acid. 
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and 6 c. r . of water. If any iron be present, gas will be 
evolved. Whether iron be present or not, decant imme- 
diately on the filter, and wash, to avoid affecting the slag. 
If the hydrochloric acid has shown the presence of iron, 
add 30 c. c. of ice-cold water, which has been previously 
boiled, and 3 c. c. of bromine, and proceed as in the first 
instance, in order to dissolve all iron. Filter, and wash 
with cold water, nntil the washings give no reaction for 
iron. Dry the filter and contents, ignite, transfer the 
ignited substance to a silver or platinum dish, add solution 
of pure sodium hydrate, and digest, to dissolve free 
silica. Then filter, wash weU, dry, ignite, cool, and 
weigh the slag. Iodine may be used instead of bromine. 
If iodine be used, add the same quantity of iron, reduced 
to as fine a powder as possible, to 15 gms. of iodine, cov- 
vered with 15 c. c. of water, in a beaker of about 100 c. c. 
capacity, the water having been boiled previously to re- 
move any air adhering to the iodine, and cooled by stand- 
ing in ice. After adding the iron, proceed as when bro- 
mine is used. 

Consult Fres., Zeits.fur Anal, Chem.^ 1865, pp. 69-77 ; 
Wag., Jahresh.^ 1863, p. 19 ; same, 1865, p. 27 ; same, 1868, 
p. 28 ; Comp. Rend. 2, p. 1030 ; Dingier, clxxvii., p. 388 ; 
Eggertz, Jahresh.y 1863, p. 30. 



CHAPTER XVIII. 



ZINC OEE. 



Make a qualitative examination of the ore, for metals of 
Groups V. and VI. 

Treat 2 gms. of the finely pulverized ore, in a small 
flask, with a mixture of 10 c. c. of hydrochloric acid, 5 
c. c. of nitric acid, and 5 o. c. of sulphuric acid ; all the 
acids being pure and concentrated. Boil, until copious 
fumes of SO3 are evolved, cool, dilute with 25 c. c. of 
water, filter, and wash well. If the qualitative analysis 
has shown the presence of oxides of the higher groups, 
add 5 c. c. of hydrochloric acid, and saturate the solution, 
which should not exceed 600 c. c, with sulphuretted hy- 
drogen. Filter, wash slightly, digest the precipitate with 
a mixture of 5 c. c. of hydrochloric acid, and 10 c. c. of 
water, over heat, dilute to about 400 c. c, and, without 
filtering, saturate with sulphuretted hydrogen. (SeeFres., 
Qiiant, Anal.^ § 162 — A, p. 376.) Filter, wash weU with 
hot water, combine the filtrates, and boil, after adding a 
little potassium chlorate to oxidize the sulphur, and pre- 
cipitate basic acetates as usual. K no metals of the higher 
groups be present, the treatment with sulphuretted hy- 
drogen and potassium chlorate is to be omitted. In 
either case, filter out the precipitate of basic acetates, dis- 
solve it in hydrochloric acid, dilute, and precipitate again 
in the same way. Filter, dissolve the precipitate as before, 
and precipitate, a third time, with large excess of ammonia, 
filter, and wash. Combine all the filtrates, concentrate 
them to 500 c. c. , acidify strongly with acetic acid, boil, 
and, while boiling, pass a rapid current of sulphuretted hy- 
drogen for haU an hour. By this means, the zinc will be 
precipitated as sulphide, and the manganese be held in so- 
lution. (See Fres.5 Quant Anal.^ % 160 — 6 — a ; also 



124 zmo ORE. 

Gibbs, in Am. Jour. Sot. and ArtSj January 7, 1868.) If 
there be a very large amount of manganese in the ore, it is 
well to dissolve the zinc sulphide in hydrochloric acid ; 
make the solution slightly alkaline with sodium car- 
bonate, and then decidedly acid with acetic acid, boil, and 
treat with sulphuretted hydrogen as before, as the zinc 
may carry down some manganese with it. Filter out the 
zinc sulphide, wash it by decantation 2 or 3 times with 
hot water, and then, on the filter, with sulphuretted hy- 
drogen water, into small beakers, changing them often, in 
order not to be compelled to refilter a large amount of 
fluid, should the zinc sulphide run through the filter, 
which it is apt to do, as soon as the ammonium chloride is 
washed out. Ammonium chloride should be washed 
out, as it renders zinc carbonate soluble to a certain ex- 
tent, when the solution is afterward treated with sodium 
carbonate. Should the zinc sulphide b^n to run through 
the filter, stop washing, and, into the last turbid filtrate, 
wash the precipitate from the filter as completely as pos- 
sible with water, dry the filter, moisten it with nitric acid, 
bum it, and add the ash to the precipitate. Then, add 
concentrated hydrochloric acid, and a Kttle potassium 
chlorate, and boil until the zinc is dissolved, and the sul- 
phur oxidized. After this, dilute to 300 c. c. for each 0.500 
gms. of zinc oxide present and heat to boiling. Then, re- 
move the heat, cover the vessel, add excess of sodium car- 
bonate, and boil, to expel free carbonic acid. Wash three 
times by decantation with hot water, boiling up each 
time, and then on the filter thoroughly, and dry the pre- 
cipitate. Brush the dry precipitate as completely as pos- 
sible from the filter into a clock-glass, bum the filter in 
a weighed crucible, after moistening it with nitric acid, 
and carefully expelling the excess by heat, transfer the 
precipitate to the crucible, ignite again, cool, and weigh 
the impure zinc oxide. Should any zinc carbonate adhere 
to the vessel in which it was precipitated, dissolve it off 
into a weighed dish, evaporate to dryness, ignite, weigh. 
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and add tlie weight to that of the main precipitate. Dis- 
solve the ignited precipitate in hydrochloric acid, filter 
out any undissolved silica, wash, ignite, weigh, and de- 
duct its weight from that of the weighed precipitate. To 
the filtrate, add large excess of pure potassium hydrate, 
filter out any metallic oxides which have been precipi- 
tated by the potassium hydrate, dissolve them in hydro- 
chloric acid, and repeat the treatment. Deduct their 
weight, also. The remainder will be zinc oxide, from 
which calculate metallic zinc. 

As sodium carbonate sometimes fails to precipitate all 
the zinc, the filtrate from the zinc carbonate should be 
treated with sulphuretted hydrogen, and, if any zinc be 
recovered, its weight, after proceeding as before, should 
be added to the first. 

A great many methods, principally volumetric, have 
beeu proposed with the view of saving time and labor, in 
the determination of zinc. Only one, that of Fahlberg, 
published in Pres., Zeitsch,y IV Hft. 1874, will be given 
here, with references to others. 

For the determination of zinc in its ores, Fahlberg dis- 
solves them with nitric and hydrochloric acids, adds an 
excess of the latter, and treats with a current of hydro- 
su3phuric acid to remove the metals of Groups V. and 
VI. After filtering, the iron is oxidized with nitric 
acid, and, when cold, precipitated with ammonium hydrate, 
+he zinc remaining in solution. If the iron should be 
found to contain zinc, it must be dissolved in hydrochloric 
acid and re-precipitated. The two filtrates are then to be 
added to each other for titration. This ammoniacal solu- 
tion is neutralized with hydrochloric acid, and further 10 to 
15 c. c. acid (sp. gr. 1.12) is added, and the titration with 
the f errocyanide solution can then be made. The normal 
solution of potassium f errocyanide is usually prepared so 
that 1 c. c. corresponds to 0.01 gm. of zinc, and for this 
purpose it is first titrated with a solution of pure zinc. 
The metal is first dissolved in hydrochloric acid, and to 
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the solution ammonium chloride to the extent of five 
times the weight of the metal is added, so as to obtain the 
flakes of the precipitate as fine as possible, that they may 
not, while settling to the bottom, mechanically inclose the 
potassium ferrocyanide. In this way, about 0.5 gm. zinc 
is to be prepared, and the titration performed with a 
burette provided with a good glass stopper, and divided 
into .1 c. c. At first, large flakes are obtained, but as the 
operation proceeds, they constantly grow finer. After 
each addition of the ferrocyanide, a drop is to be taken 
from the beaker and tested with solution of uranic ni- 
trate, to ascertain whether the whole of the zinc has been 
converted into ferrocyanide, and an excess of the normal 
solution added. For this purpose, a porcelain slab is used, 
which is previously moistened with a row of drops of the 
uranium solution. To these drops is added, in succes- 
sion, after each addition of the normal solution, a drop of 
the solution in course of determination ; toward the close, 
after every five drops of normal solution. As long as 
zinc remains in solution, only the white flakes of ferro- 
cyanide of zinc are seen on the slab, but on the addition of 
only a very few drops in excess of the ferrocyanide a per- 
manent brown spot is obtained. With careful manipula- 
tion the greatest possible error is 0.2 — 0.3 per cent, bui 
even this could be diminished one half by the use of a 
normal solution of half strength. (See translation of 
Fahlberg's article, by ^Charles A. Schaeffer, Ph. D., in 
Am, Chem.y Yol. V., June, 1875.) It has been suggested 
that the accuracy of the method is increased by titrating 
the solution hot. 

For other methods, consult Fres., QuaifU. AnaL^ § 248, 
4th London Edition ; also Crookes' s Select Methods y p. 61 ; 
also Am. Chem.^ Vol. II., February, 1872* 
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NICKEL ORE. 

Make a qualitative examination for metals of Groups V. 
and VI. 

Treat 5 gms. of the ore in a small flask with a mixture 
of 10 c. c. of sulphuric, 10 c. c. of nitric, and 6 c. c. of 
hydrochloric acids, all pure and concentrated, heating 
until copious fumes of sulphuric anhydride are evolved, 
adding more sulphuric acid if necessary, to avoid reducing 
the mass to dryness. Finally, cool the contents of the 
flask, dilute, filter, and wash thoroughly. 

If the qualitative examination has indicated the presence 
of metals of the higher groups, dilute the solution of 5 
gms. to 500 c. c, saturate with sulphuretted hydrogen, 
filter out any precipitated sulphides, and wash well. Add 
to the filtrate a little hydrochloric acid and potassium 
chlorate, and boil to oxidize sulphur and ferrous oxide. 

If there be no metals of the higher groups present, of 
course the treatment with sulphuretted hydrogen, and 
after oxidation with potassium chlorate, is to be omitted. 
Dilute the filtrate, after boiling, with hydrochloric acid 
and potassium chlorate if sulphuretted hydrogen has 
been used, or the first filtrate, after decomposing the ore 
with acids, if no sulphuretted hydrogen has been used, to 
1 litre, and add, with constant stirring, dilute ammonia 
until the solution is alkaline. Then filter out the precipi- 
tated ferric hydrate, and wash slightly. Dissolve the pre- 
cipitate with dilute hydrochloric acid, and precipitate 
again with dilute ammonia. Filter, wash, combine the 
filtrates, concentrated to 500 c. c, acidify slightly with 
acetic acid, boil, and saturate with culphuretted hydro- 
gen, continuing the boiling while introducing the gas. 
Filter out, and wash the precipitated sulphides of nickel 
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and cobalt, and wash them with snlphnretted hydrogen 
water. Should any manganese oxide be present, it will be 
held in solution. To recover any possible traces of nickel 
and cobalt, add a little more acetic acid to the filtrate, 
and boil. Should any sulphide be recovered by this treat- 
ment, wash it and the main precipitate from the filter 
into a casserole, dry and burn the filters, add the ash to 
the precipitates, and dissolve all with nitro -hydrochloric 
acid. Expel excess of acid by evaporating nearly to dry- 
ness, dilute, precipitate the oxides of nickel and cobalt by 
adding to the solution an excess of pure potassium hy- 
drate, and heating for some time nearly to boiling, and 
separate the two metals by one of the following methods. 
(See Fres., Quant Anal., % 110— b—a, p. 188, and § 111.) 

The first method is due partly to Liebig and partly to 
Wohler. Wash the two oxides from the filter into a 
beaker, run through the filter, in order to dissolve what 
adheres, a saturated solution of pure potassium cyanide, 
into the beaker containing the oxides, and warm until they 
are dissolved. The solution looks reddish yellow. Heat 
to boiling to remove the free hydrocyanic acid. By this 
process the double cyanide of cobalt and potassium in the 
solution is converted, with evolution of hydrogen, into 
cobalticyanide of potassium, while the double cyanide of 
nickel and potassium in the solution remains unaltered. 
Add to the hot solution finely pulverized and elutriated 
mercuric oxide (red oxide), and boil. By this operation, 
the whole of the nickel is precipitated, partly as sesqui- 
oxide, partly as cyanide, the mercury combining with the 
liberated cyanogen. The precipitate is greenish at first, 
or, if the mercuric oxide has been added in excess, yel- 
lowish gray. Wash and ignite. The residue is oxide of 
nickel (Nib). (See Fres., qwant Anal, § 100-14— b.) 

To determine the cobalt in the filtrate, Wohler directs to 
carefully neutralize it with nitric acid, and add solution 
of mercurous nitrate, as long as it produces a precipitate 
of mercury cobalticyanide. The precipitate, after 
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washing and drying, is to be ignited with access of air, 
when it is weighed as black oxide of cobalt (C03O4). He 
suggests that, on account of its oxygen varying according 
to the temperature, it is better to reduce it by ignition in a 
strong current of hydrogen, and weigh the metallic cobalt. 
(See Wohler' s paper in ^TiTiaZ. d. Chem. u. PJiarm.^ LXX., 
256, or his Mineral Analysis, p. 102. Care must be taken 
in neutralizing the filtrate before adding the mercurous 
nitrate, as the fluid must not be acid, and must not be 
strongly alkaline. The ignited oxide of nickel is yery apt 
to contain some impurities ; consequently, it is better to 
transfer it from the crucible to a beaker, boil it with water, 
throw it on a filter, wash, dry, ignite, weigh again, and 
subtract the loss, probably some adhering alkali. Then 
dissolve it inaquaregia, dilute, filter, wash, dry, ignite, and 
weigh any undissolved silica, and deduct its weight also. 
Finally, add to the filtrate a large excess of ammonia, filter 
out, wash, dry, ignite, and weigh any alumina and ferric 
oxide that may be present. After deducting their weight 
from that of the original precipitate, the remainder will be 
the true weight of the oxide of nickel. From this, calcu- 
late the metallic nickel. 

Another method of separating the two metals is by 
means of potassium nitrite, recommended by H. Rose, 
and Fresenius as the best. (See Fres., Quant. Anal. % 160- 
9, p. 366). Dissolve the sulphides (obtained after precipi- 
tating the basic acetates, as directed before), in aqua regia, 
evaporate the solution nearly to dryness, and neutralize 
with potassium hydrate. Then add a concentrated solu- 
tion of potassium nitrite (previously neutralized with 
acetic acid, and filtered from any flocks of silica and alu- 
mina that may have separated) in sufl5.cient quantity, and 
finally acetic acid, till any flocculent precipitate that may 
have formed from excess of potassa has redissolved, and 
the fluid is decidedly acid. AUow it to stand at least for 
24 hours in a warm place ; take out a portion of the super- 
natant fluid with a pipette, mix it with more nitrite, and 
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observe whether a further precipitation takes place in this 
after long standing. If no precipitate is formed, the whole 
of the cobalt has fallen down ; otherwise, the small portion 
must be returned to the principal solution, some more 
nitrate added, and, after long standing, the same test 
applied. Finally, filter and wash the precipitate thoroughly 
with an aqueous solution of neutral potassium acetate (con- 
taining 10 per cent of the salt), displace finally the last 
portion of solution of potassium acetate adhering to the 
precipitate, by means of alcohol of 80 per cent, and dry. 
Then transler the precipitate from the filter to a clock- 
glass, incinerate the filter in a weighed crucible, add the 
precipitate, and gently ignite all. Cool, moisten with sul- 
phuric acid, cautiously expel excess of acid, and ignite at 
low red heat. Cool and weigh the sulphate of cobalt and 
potassium (2C0SO4+3K3SO4), and calculate the cobalt. 
One hundred parts of the residue are equivalent to 18.015 
parts CoO, or 14.17 parts Co. (See Fres., Quant. Anal.^ 
§ 81 cr Annal, d. Chem. u. PJiarm.^ CIV., 309.) 

To determine the nickel, mix the filtrate with pure solu- 
tion of sodium or potassium hydrate in excess, heat for 
some time nearly to ebullition, decant 3 or 4 times, boiling 
up each time, filter, wash the precipitate thoroughly with 
hot water, dry, and ignite. After weighing the precipitate, 
treat it as directed in the first method, and deduct the 
weight of impurities. (Consult Fres., Quant. Anal.^ % 110 
p. 187.) 

Another good method of determining the nickel, and 
cobalt in ores, is to decompose them in the same manner 
as directed above, remove any metals of Groups V. and 
VI. with sulphuretted hydrogen in acid solution, filter, 
oxidize the filtrate by boiling it with hydrochloric acid 
and potassium chlorate ; dilute to about 1 litre. If no 
metals of the higher groups are present, the treatment 
with sulphuretted hydrogen, and potassium chlorate is to 
be omitted, and the original acid solution diluted to about 
1 litre. Then make the solution alkaline by adding dilute 
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ammonia, and stirring constantly. Filter out any precip- 
itate, dissolve it with hydrochloric acid, and precipitate 
again in the same way. Combine the filtrates, concentrate 
them to 100 c. c, add a little ammonia, transfer to a 
weighed platinum dish, and precipitate the nickel and 
cobalt together by passing a strong galvanic current, from 
a battery of 2 or 8 Bunsen elements, keeping the solution 
alkaline with ammonia* The nickel and cobalt will be 
precipitated upon the platinum in the form of a metallic 
coating. When the separation from the solution is com- 
plete, remove the dish, wash it thoroughly with hot water, 
dry and weigh it. The increase in weight expresses the 
combined weight of metallic nickel and cobalt. Jt remains 
to separate and determine them. Dissolve them with 
nitric acid; determine them by either of the preceding 
methods. 

The following method of analysis of nickel and cobalt 
ores is from the pen of Fresenius, published in his Zeit 
fur Anal. QTiem.^ and translated by Prof. C. A. Schaefler* 
(See Am. Ghem., IV., p. 289.) 

The finely-powdered mineral or metallurgical product is 
treated with hydrochloric acid, with addition of nitric 
acid, untU all soluble matter has been brought into solu- 
tion, and repeatedly evaporated, with addition of hydro- 
chloric acid, almost to dryness, in order to drive off the 
excess of nitric acid. Dilute hydrochloric acid and water 
are then added to the residue, after which it is filtered. If 
the insoluble portion is not perfectly white it is fused 
with acid potassium sulphate, the mass treated with 
hydrochloric acid and water, filtered, and the filtrate 
added to the original solution. The metals of Groups 
V. and YI. are next precipitated by hydrosulphuric 
acid. For this purpose, it is well to pass the gas through 
the solution at first at about 70° C, and afterward in the 
cold. The filtered solution is then warmed, and the iron 
oxidized with nitric acid ; ammonia in excess in then added, 
and the impure ferric hydrate filtered off. After washing, 
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this is dissolved in hydrochloric acid, the solution largely 
diluted, and, after addition of ammonium chloride, a di- 
lute solution of ammonium carbonate is added, in the 
cold, until a point is reached where the liquid becomes 
cloudy, but no precipitate is visible. On standing, the 
liquid should not again become clear, but rather more 
cloudy, although the reaction at this point must be defi- 
nitely acid. It is next heated to boiling, the precipitate 
of basic oxide of iron is washed, first by decantation and 
afterward- on the filter with boiling water ; a portion of 
the precipitate is then examined for nickel by dissolving 
it in hydrochloric acid, repeating the precipitation as 
basic oxide, and testing the filtrate with ammonium sul- 
phide, in order to see whether it is perfectly free from that 
metal. If, in this operation, a small amount of nickel 
should still be found, the whole precipitate must be dis- 
solved in hydrochloric acid, and the iron again separated 
as basic oxide, as above. The two, or, as the case may be, 
three filtrates which contain nickel and cobalt are next 
acidulated with acetic acid, and concentrated by evapora- 
tion. If, by this means, a trifling precipitation of ferric 
or aluminio hydrate take place, the precipitate must be 
filtered off, dissolved in hydrochloric acid, and again 
separated with ammonia in excess, and this operation re- 
peated once more. The filtered solution, containing all 
the nickel and cobalt, having been sufficiently concen- 
trated, is treated with sodium carbonate untU the reaction 
is decidedly alkaline, acetic acid is then added to acid re- 
action, and, to the clear liquid (30-50 c. c. ), a solution of 
sodium acetate (1 : 10) is added. Hydrosulphuric acid is 
then passed through the solution, warmed to about 70"^ C, 
until the latter is saturated with that gas. The separation 
being completed, the precipitate of the sulphides of nickel 
and cobalt is filtered, washed, and dried. The filtrate is 
concentrated by evaporation ; hydrosulphuric acid, am- 
monium sulphide, and acetic acid are added to it, and 
thus frequently a little more of the sulphides of nickel and 
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cobalt is obtained. It is well to test the filtrate in this 
way once again, in order to be quite sure that the whole of 
the nickel and cobalt has been obtained as sulphides. 
The dried sulphides of nickel and cobalt, together with 
the filter ash, are now treated with hydrochloric acid, 
with addition of nitric acid, until all has been dissolved, 
the solution evaporated with addition of hydrochloric 
acid in order to drive off the nitric acid, diluted with 
water, filtered, and the nickel and cobalt precipitated with 
pure potassium hydrate in a large platinum dish. The 
precipitate obtained must be very thoroughly washed by 
decantation afterward on the filter, with boiling water, 
dried, incinerated and heated to bright redness in a Rose 
crucible, in a current of pure hydrogen, until the weight re- 
mains constant. The metallic nickel and cobalt are next 
treated in the crucible with boiling water. Should this 
show an alkaline reaction or the presence of chlorine or 
sulphuric acid, or yield a residue when evaporated on 
platinum foil, the metals must be exhausted with boiling 
water, heated in a current of hydrogen, and again 
weighed. The metals are now dissolved in hydrochloric 
acid, after which a small amount of silicic acid usually re- 
mains. This is to be collected on a filter, burned, and 
weighed. The hydrochloric acid solution is nearly neu- 
tralized with ammonia ; ammonium carbonate is added in 
excess, and the liquid slightly warmed for some time. A 
trifling precipitate of ferric and aluminic hydrates, which 
in most cases is obtained, is filtered, dissolved in hydro- 
chloric acid, again precipitated, and ignited, first in the air 
and then in a current of hydrogen. Its weight, together 
with that of the silicic acid, is then to be subtracted from 
the original weight of the metals. As can easily be seen, 
it will in most cases be allowable, and a great saving of 
time, to incinerate the little filter containing the sUicic 
acid, and that containing the fenic and aluminic hydrates 
in the same small crucible, and then, after treatment with 
hydrogen, to weigh all these impurities together. Should, 
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however, the ash of these, in consequence of the presence 
of a small amount of cobalt, appear bluish, it must be 
fused with an alkaline carbonate, and the silicic acid, etc., 
thus obtained be perfectly pure. 

If the ore or metallurgical product contain zinc, the 
nickel and cobalt obtained by the above method would be 
contaminated with that metal, since zinc cannot b3 entirely 
removed either by the precipitation of the hydrates with 
excess of potassium hydrate, or by the reduction of the 
oxides in a current of hydrogen. In this case, the hydro- 
chloric acid solution of the metals precipitated by ammo- 
nium sulphide is evaporated to a small volume ; and pure, 
finely-crystallized ammonium chloride is added to it in 
such quantity that, for 0.2 gm. oxide of zinc, there shall be 
about 5 gms. ammonium chloride. It is then evaporated 
to dryness on a water-bath, and carefully heated, until all 
the ammonium chloride, and with it all the zinc, is driven 
off. The residue, which consists of metallic nickel and 
cobalt, is dissolved in hydrochloric acid, with the addition 
of nitric acid, the greater part of the excess of free acid 
driven off, and the oxides precipitated with potassium 
hydrate, and further treated exactly according to the 
above method. 

If nickel and cobalt are to be determined separately, 
the ammoniacal filtrates, obtained after separation of the 
contaminating substances, are evaporated to dryness, the 
ammonium compounds are driven off by gentle heat, the 
residue dissolved in hydrochloric acid, with addition of 
nitric acid, and if much nickel and little cobalt are present, 
the latter is separated by means of potassium nitrite. If, 
on the contrary, much cobalt and little nickel are present, 
it is found more advisable to add, to the solution of the 
chlorides, potassium cyanide in excess, and to precipitate 
the nickel as the black hydrate oxide of nickel, by warm- 
ing with bromide after the addition of the potassium 
hydrate. In the first case, the potassio-cobaltio nitrite, 
and in the second, the hydrated oxide of nickel, is dis- 
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solved in liydroclilori9 ^^i^ precipitated with potassium 
hydrate, and determined in the metallic condition. In 
these detenninations, the weighings must be followed by 
an examination for silicic acid, and impurities insoluble in 
ammonium carbonate- 



Note.— For the determination of nickel and cobalt by thie battery see Luckow, 
Fres., Zeitsch riftjW Anal Chem,, XIX., p. 1., or Dingler's Polyt,, vols. CLXXVn 
and CLXVin. Organic salts, as acetates, etc., aid this precipitation (Luckow). 
Ammaninm chloride in the sdlntion interferes with this separation accoraing to 
Luckow (Fres., ZeitschHft, XI., 11), Wrightson {ibid, XV., 297), Schroeder {ibid, 
XVL, 344), Beilstein {Berichte Devi. Chem. Qe8«U, XL, 1715), Riche (CkmipUs 
Rend,, LXXXV., 236) and others. 



CHAPTER XX. 

COPPER ORE. 

For directions for making a complete analysis of coi)- 
per ore, consult Pres., Quant. Anal.y % 242. It is pro- 
posed here to give directions for the separation and de- 
termination of copper alone. 

The first step is to make a careful qualitative examina- 
tion of the ore. Then introduce 1 gm. of finely-pulverized 
ore into a flask holding about 200 c. c, add 6 c. c nitric, 
2 c. c. hydrochloric, and 10 c. c. sulphuric add (the acids 
should all be pure and concentrated), boil until all the 
nitric acid is expelled, and dense white fumes of SOa are 
evolved. The flask should be flUed with them. Then 
cool, dilute with about 60 c. c. of water, filter, and wash 
with about 75 c. c. more. Digest the residue with nitric 
and hydrochloric acids, and if the solution gives any 
reaction for copi)er, add sulphuric acid and treat as before. 
Treat a third time, if necessary. 

If the ore be very poor, more than 1 gm. should be 
taken, and treated with a corresjwnding amount of the ' 
three acids. 

Should no metals of Group VI. or any of Group V. 
besides copper be present, dilute the solution to 200 c. c, 
or if it already exceeds that volume, concentrate to 200 
c. c, and divide into two exactly even parts. Introduce 
each into a weighed platinum dish, and preciptate the 
copper by a galvanic current, the dishes being connected 
with the zinc or negative pole of a battery (consisting of at 
least two Bunsen elements) by resting on a coil of the wire 
or a copper disk to which the wire is soldered, while the 
fluid in the dishes is connected with the positive pole 
by a wire attached to platinum foils which hang in 
the fluid. When the copper is entirely precipitated 
(which can be determined by testing a few drops of the 
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.fluid with sulphuretted, hydrogen water), pour out the 
contents of the dishes into a beaker, wash them (two or 
three times) with hot water into the same beaker, and then 
with alcohol, to displace the water, decanting the alcohol 
oflP, as completely as possible, into another vessel. Then 
dry the dishes over a low flame until the small quantity 
of alcohol adhering to the copper is expelled, and weigh 
them. The increase in weight represents the weight of 
metallic copper. The difference in weight of copper in the 
two dishes should not exceed one tenth of one per cent. 
Should it do so, another determination must be made. 

In evaporating off the alcohol, the dishes should not be 
allowed to become so hot that they cannot be carried to 
the balance on the naked hand, and be cool enough to 
weigh in five minutes. It is unnecessary to place them in 
a desiccator. 

The copper should be bright red in color, free from 
all dark spots, and so firmly attached to the dish as not to 
be washed off by water. The formation of spongy copper 
is an indication that too much ore has been used for the 
capacity of the dish, or that the current has been too 
intense. 

This is the best method in most cases. 

To prove the accuracy of this method, Mohr mixed 1 
gm. of pure metallic copper with 0.5 gm. of gold, silver, 
platinum, tin, lead, iron, zinc, nickel, cobalt, bismuth 
arsenic, uranium, mercury, molybdenum, antimony, sul- 
phur, silica, and calcium phosphate, treated the mixture in 
a similar manner, precipitating the copi)er in a platinum 
dish with metalUc zinc instead of the galvanic current, and 
recovered 0.996 gm. of copper. In more than 20 determi- 
nations of copper in various combinations, the average 
amount of the metal obtained by this method was 99.7 per 
cent of the actual quantity present. 

If arsenic or antimony be present in the ore, it is safer 
to remove them by saturating the solution with sulphu- 
retted hydrogen, maMng it alkaline with potassium 
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hydrate, and warming gently for some time to dissolve 
the sulphides of arsenic and antimony. Filter and wash 
the copper sulphide, which may contain some other sul- 
phides of metals of Group V. If it does not contain them, 
or only lead sulphide, dissolve in nitric acid, add sul- 
phuric acid, evaporate to dense fumes of SOa, cool, dilute, 
filter out any insoluble residue, and proceed to determine 
the copper electrolytically, as directed above. When 
other metals of Group V. are present, treat the sulphides 
with pure potassium cyanide, which will dissolve the cop- 
per sulphide, and leave the others undissolved. Then 
treat the solution with nitric acid, boil to expel hydro- 
cyanic acid, add sulphuric acid, heat to expel nitric acid, 
and proceed as before. 
Determination as cuprous sulphide (CugS) : 
Instead of dissolving the copper sulphide in nitric acid, 
and evaporating the eolu tion after addition of sulphuric 
acid, dry it, transfer the precipitate to a watch-glass, bum 
the filter in a weighed porcelain crucible provided with a 
perforated cover (known as Rose' s crucible), add the pre- 
cipitate and some pure powdered sulphur, and bum in a 
current of hydrogen, over a blast-lamp. Weigh as Cu^S. 

, (Compare H. Rose's Quarit. Anal.^ pp. 105 and 255, chap- 
J ter on copper; also, Fres., Quant. Anal.^ § 119-3, p. 230, 
\ smdJour.f. PraJct. Chem., CVIL, 110, andLXIL, 252. The 
results are very accurate. The method is the best one, 
where the electrolytic method cannot be conveniently 

V applied. 

Determination as oxide : 

Decompose the ore as directed in the first instance, and, 
after separating the copper from other associated metals, 
as directed above, add to the solution, after evaporating 
off excess of acid, and heating to boiling, dilute solution 
of pure potassium or sodium hydrate, in excess, and con- 
tinue to boil until the cupric hydrate, which is pale blue, 
is converted into brownish black cupric oxide. Allow the 
precipitate to settle, fiilter, wash by decantation with boil- 
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ing water several times, transfer to the filter, wash well 
with boiling water, dry, ignite intensely, and weigh. Then 
add a few drops of nitric acid, evaporate off excess of acid, 
ignite cautiously, cool, and weigh. From the weighed 
cupric oxide calculate metallic copper. 

The action of reducing gases must be carefully avoided. 
The addition of nitric acid, and second ignition is to over- 
come any difficulty arising from this cause. Consult 
Pres., Quant. Anal.^ § 119 — ^1 — ^a., for precautions to be 
observed and difficulties to be encountered. 

There are various volumetric methods of determining 
copper, for some of which consult Fres., Quant. Anal.^ 
§ 119, p. 325. 



CHAPTER XXI. 

GERMAN SILVER. 

The metals to be looked for usually are copper, nickel, 
ziQC, and iron, wMcli last is sometimes added to make 
the metal white. Lead is sometimes found in small 
quantity. 

Introduce 0.500 gm. of the alloy into a 200 c. c. flask, 
add 6 c. c. of concentrated nitric acid, and 15 c. c. of water, 
and heat untU the alloy is dissolved. Then cool, add 10 
c. c. of concentrated sulphuric acid, and heat until dense 
fumes of SOs are evolved. Cool, dilute to 50 c. c, 
and filter out lead sulphate, if necessary. Divide the 
filtrate into 2 equal parts, and determine the copper in each 
electrolytically, as directed in the analysis of copper ore. 
Combine the solutions (after precipitating the copper) to- 
gether with the washings (after boUing out the alcohol 
from them), add sodium carbonate until the fluid is slightly 
alkaline, and then acetic acid until it is acid, and precipi- 
tate basic ferric acetate as usual. Dissolve the precipitate 
in hydrochloric acid, re-precipitate the ferric hydrate by 
ammonic hydrate, filter, dry, ignite, and weigh, and calcu- 
late it to metallic iron. 

To the filtrate, add pure potassium hydrate in large ex. 
cess. Nearly all the zinc will be held in solution, while 
the nickel, with, perhaps, a Uttle zinc, wiU be precipitated. 
Allow the precipitate to settle, decant the clear fiuid into 
another vessel, and add to the precipitate a concentrated 
and filtered solution of pure potassium cyanide, and digest 
over heat, untU the precipitate goes into solution. It 
sometimes happens that a portion of it resists the action 
of the cyanide. When such is the case, filter it out, and 
as it contains no zinc, dissolve it in hydrochloric acid and 
potassium chlorate, and reserve it to be added to the solu- 
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tion containing the nickel after precipitating the zinc. 
Combine the other solutions containing zinc and nickel, 
neutralize with hydrochloric acid, leaving the fluid only 
slightly alkaline, add potassium sulphide until all the zinc 
is precipitated^ filter, and determine the zinc as directed in 
analysis of zinc ore. 

Add to the filtrate from the zinc sulphide, the solution 
of the small portion which resisted the action of potas- 
sium cyanide, add more hydrochloric acid, if necessary, 
arid boil, to decompose the cyanides, and expel cyanogen. 
Then make the solution strongly alkaline with ammonia, 
filter out any ferric hydrate, calculate it to metallic iron, 
and add the per cent to that obtamed from the acetate. 
In the ammoniacal filtrate from the ferric hydrate, deter- 
mine the nickel electrolytically, as in the analysis of 
nickel ore- 

As the above operations may introduce such amounts 
of salts as to interfere with concentration for the battery 
precipitation, it may be preferable to precipitate out the 
nickel and redissolve. In such a case add ammonium 
sulphide — stir it in well — render just acid with acetic 
acid, and allow the solution to stand for some time. Then 
decant through a filter, allowing as little of the precipitate 
as possible to get upon the filter ; dissolve the precipitate 
in hot nitric acid, destroy the carbon of the filter by fusing 
with a small amount of alkaline nitrate, and add to the 
solution of the precipitate. The neutralization by ammo- 
nia, etc., may then be conducted as usual. 

If the analysis be made entirely without the use of a bat- 
tery, after dissolving the aJloy, and removing any lead as 
above, precipitate the copper as sulphide, ignite it, after 
adding sulphur, in a current of hydrogen, and weigh the 
ignited precipitate as cupreous sulphide. (See analysis of 
copper ore.) 

Boil the filtrate from the copper sulphide, with i)otas- 
sium chlorate, and determine the zinc, nickel, and iron as 
above. 
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GALENA. 



Treat 1 gm. with fuming nitric acid, and sulphuric acid. 
Notel. 



Eegidue (a). 
Lead sulphate and gangne. Note 2, 



Besidue (6). 
Lead carbonate 
andgangue. Note 
2. 



Solution (&). 

■Alkaline sulphate 

reserve. Treat 

withHaS. Nate 2, 



Filtrate (a). 
Silver and other metals. Note 4. 



Filtrate (e). 
Lron, zinCy cop- 
per, etc. Note^ 



Precipitate (e). 
Silver. Note 4. 



Solution (c). 
Lead acetate. Note 3. 

Precipitate (d). 
Lead sulphide. Note 3. 



Residue (c). 
Insoluble gangue. Note 2. 



Filtrate (d). 
To be combined with solution (&> 
residue (c), and filtrate (e). Notes 
3andd4. 

JHfofel. — ^Introduce into a flask holding about 200 c. c, 1 
gm. of finely pulverized galena, previously dried at 100^ 
C, add 4 or 5 c. c. of red fuming nitric acid, and cover 
with a watch-glass. After the violent action is over, heat 
on a water-bath for some time, to oxidize the sulphur. 
After the sulphur is oxidized, add 3 or 4 c. c. of sulphuric 
acid previously diluted with 3 or 4 c. c. of water, and heat 
over a burner until the nitric acid is exi)eUed, and dense 
white fumes of SO3 appear. Then cool, dilute cautiously 
with about 50 c. c. of water, filter, and wash the residue 
containing lead sulphate and gangue, with about 100 c. c. 
of water containing 1 per cent of sulphuric acid, and then 
with 30 or 40 c. c. of alcohol. 

There will be a residue {a) on the filter containing lead 
sulphate and gangue, and a filtrate (a), containing silver, 
and other metals. 

Note 2. — Wash residue {a) into a beaker, add about 50 
c. c. of strong solution of ammonium carbonate, and digest 
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on a water-bath, with, frequent stirring for 10 or 1 2 hours, 
to convert the lead sulphate into carbonate. Filter, and 
wash weU with a solution of ammonium carbonate, and 
then with hot water to dissolve out all alkaline sulphate. 

There will be a residue (b) of lead carbonate and gangue, 
and fi filtrate (6) of alkaline sulphate. Dissolve the lead 
carbonate through the filter with hot acetic acid, keeping it 
covered until effervescence ceases, and is not renewed upon 
the further addition of acetic acid. Wash thoroughly, to 
remove all lead acetate from the gangue remaining on the 
filter. Treat filtrate (&) with HgS, and add precipitate to 
precipitate {d). 

There will be a solution (c) of lead acetate and a residue 
(c) of insoluble siliceous gangue. 

J}f'ote 3. — Saturate solution (c) with sulphuretted hydro- 
gen, filter, and wash with hot water. There will be ajpr^- 
cipitate (d) of lead sulphide, and a filtrate {d) which is to 
be combined with solution (J), residue (c), SLuifiltraie {e). 
Wash the lead sulphide, or precipitate {d ), into a cas- 
serole, dry the filter, bum it in a porcelain crucible, after 
moistening it with a few drops of nitric acid, treat the ash 
with a little dilute nitric acid, and, when it is dissolved, 
wash the solution into the same casserole, add 3 or 4 c. c. 
of sulphuric acid, and heat until fumes of SO3 appear. 
Then cool, dilute with 30 or 40 c. c. of water, filter, wash 
with about 50 c. c. of water containing 1 per cent of sul- 
phuric acid, and finally with about the same quantity of 
alcohol. Dry the filter and contents at a moderate heat 
(not over 100° C), and, when dry, brush the contents 
into a glass as completely as possible, bum the filter in the 
way directed above, in a weighed porcelain crucible, add 
to the ash 5 or drops of nitric acid and 2 or 3 drops of sul- 
phuric acid, evaporate the excess of acid, add the precipi- 
tate, and ignite all. Cool and weigh the lead sulphate, 
and calculate the lead. 

Note 4. — To filtrate (a), containing the silver, add, after 
boiling out the alcohol, about 1 c. c. of hydrochloric acid. 
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Should any turbidity of the fluid be occasioned by the 
hydrochloric acid, let the solution stand for some hours in 
&, warm place, untU the precipitate settles, filter, and wash. 

There will be a predpUate {e) ot silver chloride, and a 
filtrate {e\ containing other metals. 

Dry the precipitate, remove it, if possible, from the filter, 
bum the latter in a weighed porcelain crucible, add to the 
ash a few drops of nitric acid and hydrochloric acid, 
evaporate to dryness, add the precipitate, and fuse at a 
low red heat. (See analysis of barium chloride.) From 
the weight of silver chloride, calculate the silver. 

To filtrate {e\ after adding solution (J), residue {c\ and 
filtrate {d\ add excess of sodium carbonate, and a little 
sodium nitrate, evaporate to dryness in a platinum dish, 
fuse, and determine the other constituents of the ore. 

Note 5. — It is better to determine the sulphur in a sepa- 
rate portion. For this purpose, heat 1 gm. of the finely 
pulverized galena in a large porcelain crucible, at 100° C, 
with a strong solution of potassium hydrate, for an hour, 
and pass a slow current of chlorine through the fluid. The 
sulphur will be converted into sulphuric acid. Then filter, 
wash, acidify the filtrate with hydrochloric acid, and pre- 
cipitate the sulphur as barium sulphate, as usual. Bro- 
mine may be used to oxidize the sulphur, mstead of chlor- 
ine. (See Jour. f. PraM. CTiem.^ LXI., 134, and Compt 
Rend., 37, 835.) 

Note 6. — If it be desired to determine a small quantity 
of silver in the presence of a large quantity of lead, by a 
wet method, consult Fresenius's Analysis of Refined Leady 
in Zeits. fur Anal. OTiem.^ Vol. VIII., 1869. 



Note. — The ammoDiain carbonate used in Note 3 should be a solution of the 
solid salt made without addition of ammonium hydrate. A more rapid method 
consists in using a solution of anomonium citrate with ammonia, which will at once 
dissolve the lead sulphate. From this solution, neutralized by sulphuric acid, the 
lead may be precipitated by H^S, and the precipitate converted into sulphate by 
oxidatioa with nitric acid, and subsequent treatment with sulphuric acid. 



CHAPTER XXm. 



TllSr OEE. 



There are many methods proposed for the determination 
of tin in ores. Probably, the fusion of the ore with sul- 
phur and sodium carbonate is, as Rose remarks, p. 392, 
the best. It requires, however, the exercise of great care 
and judgment to make it successful. It is as follows : 

Fuse 1 gm. of rich ore, very finely pulverized, with 3 
parts of sulphur, and 3 parts of dry sodium carbonate 
(after mixing the ore and flux thoroughly), in a large 
porcelain crucible, for about one hour, over a Bunsen 
burner. The heat should not be too great, or continued 
too long, as, under such circumstances, the sulphide of tin 
may be oxidized and become insoluble when the fused 
mass is treated with water. By the fusion, sulphides of 
tin and sodium are produced, and, upon adding water, the 
tin sulphide should go into solution in the sodium 
sulphide, as sodium sulpho-stannate, and will — ^if the fusion 
has been properly conducted. After fusing as directed, 
cool, place the crucible in a casserole, add hot water, and 
digest on a water-bath until the fused mass is disinte- 
grated and removed from the crucible. Then filter, wash 
thoroughly with hot water, and acidulate with sulphuric 
acid, to precipitate the tin sulphide. Allow the sulphide 
to settle completely, in a warm place, pour the clear fluid 
on a filter, wash 4 or 6 times by decantation, and then 
moderately on the filter with hot water. Should the pre- 
cipitate show an inclination to run through the filter, 
wash with solution of ammonium acetate (Bunsen). Put 
the filter, with the not yet quite dry precipitate on it, into a 
weighed porcelain crucible, and apply a very gentle heat, 
with free access of air, until the odor of sulphurous acid is 
no longer perceptible. Increase the heat now gradually, to 
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a high degree of intensity, and treat the residue repeat- 
edly with some carbonate of ammonia, in order to insure 
the complete expulsion of the sulphuric acid which may 
be present. Were you to apply a very intense heat from 
the beginning, fumes of stannic sulphide would escape, 
which burn to binoxide (H. Rose, p. 893). The residue 
left after the first fusion and solution, should be fused 
again, and treated in the same way ; and even a third and 
fourth time, or until no more tin can be recovered. 

After weighing the stannic oxide, it should be examined 
for silica. To do this, weigh out a portion, and fuse it 
with 3 or 4 parts of a mixture of equal weights of sodium 
and potassium carbonates, boil with water, filter, wash, 
acidulate the filtrate with hydrochloric acid, and should 
silica separate, filter, and reserve the filter and con- 
tents. Then precipitate the tin with sulphuretted hydro- 
gen, filter out the sulphide, and treat the filtrate as usual 
for silica, finally filtering through the reserved filter, 
already containing some silica. Calculate the silica thus 
found, to the whole amount of stannic oxide, and, after 
deducting it, calculate the metallic tin. 

Examine the residue left (after fusing, and filtering out 
the solution of alkaline stannate as directed above) for 
iron, by dissolving it in hydrochloric acid and a few drops 
of nitric acid, and precipitating the ferric hydrate with 
excess of ammonia. Should any be found, it must be 
calculated to the whole amount of stannic oxide first 
weighed, and deducted from it, as was the silica. It must 
be calculated also to metallic iron, and the per cent added 
to that found elsewhere. 
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CHAPTER XXIV. 

BROKZE. 

The metals to be looked for are copper, tin, lead, zinc, 
and iron. 

Dissolve 1 gm. of the alloy, in a small covered beaker, 
in a mixture of 2 c. c. of nitric acid, 8 c. c. of hydro- 
chloric acid, and 10 c. c. of water, dilute to 200 c- c, heat 
gently, add crystals of sodium carbonate until a distinct 
precipitate forms, and boil until the basic carbonate of 
copper turns black. Then cool, add nitric acid, drop by 
drop, until the reaction is distinctly acid, and digest for 
several hours at a gentle heat until the stannic oxide is 
white. Then filter it out, wash, dry, ignite strongly, and 
weigh it. The stannic oxide must then be examined for 
silica and iron (as directed in the analysis of tin ore), 
which are to be deducted before calculating the tin, (See 
Fres., Quant. Anal.^ § 164— B — 4— a, p. 891.) 

The ignited stannic oxide may be purified, by first treat- 
ing it with sulphuric acid and ammonium fluoride (the 
silica being determined by loss), and then fusing it with 
the two carbonates, as in analysis of tin ore, dissolv- 
ing and filtering out the stannate, and in the residue deter- 
mining the ferric oxide, to be deducted from the stannic 
oxide, and also calculated to metallic iron, the per cent of 
which is to be added to that found elsewhere. 

EvajKDrate the filtrate from the stannic oxide, after 
adding about 10 c. c. of sulphuric acid, until fumes of SOg 
are evolved, dilute, filter out lead sulphate, and calculate 
lead. (See analysis of galena. ) 

After filtering out the lead sulphate, and washing, deter- 
mine* the copper in the filtrate electrolytically. (See 
analysis of copper ore.) 

In the residual fluid, after extracting the copper, precip- 
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itate tlie zinc by sodium carbonate, and proceed as directed 
in the analysis of zinc ore. Dissolve the weighed zinc 
oxide in hydrochloric acid, filter out and determine any 
residual silica, and deduct its weight from that of the 
oxide. Then add to the filtrate, excess of pure potassium 
hydrate ; filter out and wash the ferric hydrate, dissolve it 
in hydrochloric acid, and precipitate again with potassium 
hydrate, filter, wash, dry, ignite, and weigh the ferric 
oxide, which is also to be deducted from the first weight 
of zinc oxide. The remainder, after deducting the weight 
of silica, and that of ferric oxide, is to be calculated to 
zinc. 

Combine the weight of ferric oxide found here, with that 
found in the purification of the stannic oxide, and calcu- 
late to metallic iron. 

The analysis may be made in another way. Determine 
the tin and lead, as above, in the filtrate, precipitate the 
copper as sulphide, and determine it as cupreous sulphide. 
(See analysis of copper ore.) Then oxidize the sulphur 
in the solution, by boiling with potassium chlorate, and 
determine the zinc and iron as above. 



CHAPTER XXV. 

ARSENIC ORE. 

Introduce 1 gm. of the finely pulverized ore, into a large, 
covered porcelain crucible, add 16 c. c. of strong nitric 
acid, and evaporate, to pasty condition ; then add 3 or 4 
gms. of dry sodium carbonate, and as much sodium nitrate ; 
heat cautiously to perfect dryness, and fuse until the con- 
tents of the crucible are fluid. Then cool, place the cru- 
cible and contents in a casserole, containing about 200 c. c. 
of water, and heat until the mass is disintegrated so far as 
to leave the crucible. Then remove the crucible, wash it, 
adding the washings to the fluid in the casserole, boil until 
the mass in the casserole becomes pulverulent, and the 
fluid concentrated to 150 c. c. Cool, add 50 c. c. of alcohol 
stir well, filter, wash with 40 or 60 c. c. of dilute alcohol, 
(containing 1 volume of alcohol, and 2 volumes of water). 
It is advisable to dry the residue, and repeat the fusion 
and other treatment, described above. Combine the solu- 
tions which will contain the arsenic, in the form of sodium 
arsenate, and also, perhaps, a little silica and alumina. 
Boil out the alcohol, keeping up the volume of fluid by 
occasionally adding water, and, after removing the 
alcohol, acidulate with nitric acid; add 50 c. c. of the 
ordinary solution of ammonium molybdate, and warm for 
several hours, to precipitate the arsenio-molybdate. After 
the precipitate has entirely settled, filter, and wash with 
the precipitant ; dilute with an equal volume of water, as 
in the determination of phosphoric acid. Dissolve the 
precipitate through the filter with dilute ammonia, wash 
the filter well with the same, arid allow the solution to 
stand 12 hours, when any silico-molybdate present will be 
decomposed, and the silica separate. Filter out the sill ca^ 
wash with water, and acidify the filtrate with nitric ac id. 
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The arsenio-molybdate will be precipitated, and the 
alumina remain in solution. Filter, wash with 30 or 40 
c. c. of diluted ammonium molybdate solution, dissolve 
through the filter with ammonia diluted with an equal 
volume of water, wash with the same, and, to the filtrate, 
add 4 or 6 c. c. of '* magnesium mixture," and allow it to 
stand for 12 hours. After the precipitate has settled, test 
as to whether or not a sufficient amount of the precipitant 
has been used, by mixing a few drops of the clear fluid 
with a little sodium phosphate. If no precipitate appear, 
which is very improbable, add more ''magnesium mix- 
ture," and allow the whole to stand until the magnesium 
arsenate has had time to form and settle completely; 
then filter, and wash with dilute ammonia, containing one 
third its volume of alcohol. Dissolve the precipitate 
through the filter into a small beaker vdth dilute hydro- 
chloric acid, add slight excess of ammonia, and alcohol to 
the amount of one third the volume of the solution, and 
allow all to stand for several hours. Then filter, wash 
with dilute ammonia containing alcohol, dissolve the moist 
precipitate through the filter with dilute nitric acid, into a 
small porcelain dish, or large porcelain crucible, previously 
weighed ; evaporate to dryness, ignite gently at first, and 
then strongly, over a good Bunsen burner, and weigh the 
magnesium pyro-arsenate. (See Jour. London CJiem. Soc.^ 
August, 1877, p. 222 ; taken from ^eit. /. Anal. Uhem.^ 
XIV., 356,) The results are accurate. By the ordinary 
method of drying the precipitate of magnesium arsenate, 
on a weighed filter at 100** or 105° C, not only water is ex- 
pelled, but also ammonia. (See a paper by Maclvor, in 
Chem. News^ Dec. 17, 1875.) The author's experience 
confirms Maclvor' s conclusion. 

After weighing the magnesium pyro-arsenate, in order 
to test it for phosphoric acid, dissolve it in hydrochloric 
acid, add sodium sulphite, saturate with sulphuretted 
hydrogen, filter out the arsenious sulphide, wash well, add 
to the filtrate large excess of nitric acid, boil down to small 
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volnme (repeatmg the addition of nitric acid and boiling, 
if necessary), until the sulphur is all oxidized, and hydro- 
chloric acid exi)elled. Then add 10 or 15 c. c. of am- 
monium molybdate solution. Should a precipitate of 
phospho-molybdate occur, determine the corresponding 
magnesium pyro-phosphate, and deduct it from the mag- 
nesium pyro-arsenate weighed before, and calculate the 
arsenic. 

Where absolute accuracy is not required, the analysis 
may be made more expeditiously by treating the ore with 
strong nitric acid, adding sodium carbonate and sodium 
nitrate, evaporating, and fusing in a platinum crucible, 
removing the heat as soon as the flux is fluid, and then di- 
gesting with hot water until the mass is pulverulent. By 
this means, the arsenic is dissolved as sodium arsenate, 
and can be flltered nearly pure. "Magnesium mixture" 
is now to be added to the solution directly, and the 
analysis conducted as above. 

To insure the purity of the precipitate, it is well to dis- 
solve it in nitric acid, fllter out any insoluble residue, 
which is to be deducted, and also to test for phosphoric 
acid, which, if found, is also to be deducted. 



KoTB.— Where the peroentai^e of anenio in the ore will protMibly amount to SO 
or 25 per cent., It is nsnaUy adyisaUe when the molybdate separation is used, to 
make the solution from 1 gm. up to some oouTenient bulk, and to take some 
traction, as one-half or one-quarter, for the determination. 



CHAPTER XXVL 

AKTIMONY ORE. 

To determine the antimony, add, to 1 gm. of the finely 
pulverized ore, 5 c. c. of concentrated nitric acid, 10 c. c. 
of concentrated hydrochloric acid, 3 gms. of tartaric acid, 
and heat on a water-bath until the substance is nearly dry, 
in order to expel most of the free acid. Then dflute with 
100 c. c. of water, make alkaline with ammonia, add 8 
or 10 c. c. of yellow ammonium sulphide, and warm 
gently for an hour. Enough of the alkaline sulphide 
should be added to make the fluid yellow. Filter 
and wash with hot water until the washings run 
through the filter perfectly colorless. The filtrate will 
contain the antimony as ammonium sulph-antimonate. 
Acidulate the filtrate with hydrochloric acid, and allow 
the precipitate of antimony sulphide to settle completely. 
Dry the residue remaining upon the filter, fuse it with 4 
or 6 gms. of sodium carbonate, and 1 gm. of sodium nitrate, 
treat the fused mass with an excess of hydrochloric acid 
and about 1 gm. of tartaric acid, evaporate off excess of 
acid as above, add 25 c. c. of water, make alkaline with 
ammonia, treat with yellow ammonium sulphide, filter, 
wash, acidulate the filtrate with hydrochloric acid, and, 
should any antimony sulphide be precipitated, allow it to 
settle as directed before. Filter out thejfrecipitates of an- 
timony sulphide on the same filter, wash with hot water, 
then with alcohol to displace the water adhering to the 
precipitate, dry it at a low heat, wash with carbon disul- 
phide, to dissolve the free sulphur, and dry at a tempera- 
ture not over 100"* C. The heat should be moderate, and 
continued no longer than is necessary. When the precipe- 
itate is dry enough to be removed from the filter, brush it 
into a clock-glass, cleaning the paper as thoroughly as pos- 



\ 



Al^TIMONY. 153 

sible, and place the filter in a capacious weighed porcelain 
crucible, furnished with a cover. Moisten it with ordinary 
concentrated nitric acid, add 4 or 5 c. c. of red fuming nitric 
acid, and evaporate on a water-bath to dryness. Then 
transfer the precipitate to the crucible, add a little concen^ 
trated nitric acid cautiously by means of a pipette, insert- 
ing the point of the pipette under the edge of the lid. 
When the violent action is over, add also to the precipi- 
tate 8 or 10 times its volume of red fuming nitric acid, ob- 
serving the same precautions as before|.an<i evaporate to 
dryness on a water-bath, having removed the cover from 
the crucible as soon as all danger of loss by spirting is past. 
Finally, ignite cautiously over a Bunsen burner, to expel 
the sulphuric acid, and convert the precipitate into anti- 
mony tetroxide (SbgOi), from which calculate the anti- 
mony. This method is due to Bunsen. (See Fres., Quant. 
Anal, § 125, 2, b, p. 243.) All the filtrates should be 
treated again with sulphuretted hydrogen, to recover any 
possible traces of antimony which may have escaped pre- 
cipitation bef ore* 



CHAPTER XXVIL 

TYPE METAL. 

The metals to be looked for are antimony, lead, tin, 
and iron. In rare cases, a little arsenic may be present. 

To 1 gm. of the metal, comminuted, by drilling, shav- 
ing, or filing, add 3 or 4 gms. of tartaric acid, and 20 c. c. 
of dilute nitric acid, prepared by mixing 1 part of con- 
centrated nitric acid with 2 parts of water. Digest on a 
water-bath until excess of nitric acid is entirely exi)elled, 
add 60 c. c. of water, excess of ammonia, 10 c. c. of 
yellow ammonium sulphide, and allow to stand on a 
water-bath for 3 or 4 hours, the water in the bath being 
heated to a point just below boiling. Do not heat strong- 
ly. Dilute to about 100 c. c. , filter, and wash with water 
until the washings are colorless. The oxides of antimony 
and tin go into solution as ammonium sulphantimonate 
and sulpho-stannate, while the lead and iron sulphides 
remain on the filter undissolved. Wash the contents 
of the filter, dry the filter, bum it in a porcelain crucible, 
after moistening with nitric acid, add to the ash 5 or 6 
drops of nitric acid, warm, and wash it into the casserole. 
Then add 6 or 7 c. c. of nitric acid and 2 or 3 c. c. of sul- 
phuric acid, and heat until fumes of SOs appear ; cool, 
add 60 c. c. of water, filter, and wash with 40 or 60 c. c. of 
water containing 1 per cent of sulphuric acid. Dry the 
filter and contents, transfer the latter to a clock-glass, 
place the filter in a capacious weighed porcelain crucible, 
add 8 or 10 drops of nitric acid and 4 or 6 drops of sul- 
phuric acid, evaporate off the excess of acid, and ignite. 
Again add 4 or 6 drops of nitric acid and 1 or 2 drops of 
sulphuric acid, expel excess of acid, transfer the contents 
of the filter from the clock-glass to the crucible, ignite all. 
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cool, weigh the lead sulphate, and calculate the per cent 
of lead. (Consult analysis of galena.) 

Acidify the alkaline filtrate containing the tin and anti- 
mony, and perhaps some arsenic, with hydrochloric acid, 
and allow the sulphides to settle in a warm place, avoid- 
ing great heat. Then filter, wash with water, displace the 
water with a little alcohol, dry at a moderate heat, run a 
little carbon disulphide throngh the filter, to dissolve out 
free sulphur, expel excess of carbon disulphide at gentle 
heat (better in a steam-bath), place the filter and contents 
in a large porcelain crucible, add 1 or 2 c. c. of nitric acid, 
and cover with a glass. When the violent action is over, 
add 4 or 6 c. c. of red fuming nitric acid, and evai)orate at 
a gentle heat nearly to dryness to convert the sulphides 
into oxides. Then neutralize the remaining acid with 
pure sodium hydrate, wash the oxides into a silver dish 
with water containing a little sodium hydrate (using as 
little as possible), evaporate nearly to dryness, add about 
8 parts of pure sodium hydrate, and a little sodium ni- 
trate, continue the evaporation to perfect dryness, and fuse. 
As soon as the mass is fused, remove the heat, and when it 
is cool enough add 100 c. c. of hot water, and boil until 
the contents of the dish are pulverulent. Finally, cool, 
add alcohol to the amount of one third the volume of the 
fluid, filter, wash the residue with dilute alcohol (prepared 
by mixing 1 part of alcohol with 2 parts of water), to 
which has been added a few drops of strong solution of 
sodium carbonate. The insoluble sodium antimonate will 
remain on the filter, while the sodium stannate and 
sodium arsenate go into solution. Wash the antimonate 
from the filter into a beaker with water, place the beaker 
under the filter, and pour through the latter 10 or 15 c. c. 
of warm concentrated hydrochloric acid, containing 1 gm. 
of tartaric acid, wash with a little water, and warm until 
everything is dissolved. Dilute the solution to 100 c. c, 
saturate it with sulphuretted hydrogen, filter, wash, treat 
the precipitate as directed in the analysis of antimony ore, 
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and calculate the per cent of antimony. (See Fres., 
Qaarvt. Anal., § 165— 4— a, p. 398.) 

Should there be no arsenic present, acidify the filtrate 
containing tin with hydrochloric acid, and saturate with 
sulphuretted hydrogen. Heat, filter, wash with solution 
of ammonium acetate, containing a little free acetic acid, 
dry, roast at gentle heat in a weighed porcelain crucible, 
then heat strongly, cool, weigh the stannic oxide, and cal- 
culate the per cent of tin. (See analysis of tin ore.) Puri- 
fy the weighed precipitate as in analysis of bronze. Should 
arsenic be present, it will be found, together with the tin, 
in the filtrate from the sodium antimonate, after the fusion 
with sodium hydrate. Add to the filtrate 1 or 2 c. c. of 
ammonia, and 2 or 3 c. c. of yellow ammonium sulphide, 
and warm gently for a short time. Then add 6 c. c. of 
"magnesium mixture," and allow to stand for 12 hours. 
Filter out the magnesium-ammonium arsenate, treat it 
as directed in the analysis of arsenic ore, and calculate 
the per cent of arsenic. 

^cidify the filtrate from the magnesium arsenate with 
hydrochloric acid, precipitate the tin as sulphide, and pro- 
ceed to determine it as directed above. 

The filtrate from the lead sulphate will contain the iron. 
Precipitate the iron as basic acetate, filter, wash moder- 
ately, dissolve the precipitate in hydrochloric acid, re-pre- 
cipitate with ammonia, filter, wash, dry, ignite, weigh the 
ferric oxide, and calculate the per cent of iron. 

Examine the filtrate for other metals of Group IV., 
and, if found, determine them. (H. Will, Anleitung f. 
Anal. Chem., 225, Ed. 1867.) 
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CHAPTER XXVin. 



REFINED LEAD. 



Determine silver in separate portion. Wote 1. 

For other metals, dissolve 200 gms. in nitric acid. Note 2. 



Residue (a). 
Sb3i^* Add to pre- 
eipitaie (r). Note Z, 



Solution (a). 
Add Bulphurio acid. Note 8. 



Residue (b), 
PbS04. Note 3. 



Solution (6). 
Eyapozate. Note 3. 



PredpUate (c). 
PbSO^. NoteAu 



Filtrate (d). 

Reject. 
Note^ 



Free. (d). 

Add to 

Precipitate 

(/). Note4, 



Ptecipitate (g). 
Fe,Zii,Co,Ni. Note 7. 



Residue (h). 

Co,NL 
JVbfe7. 



Prec (t). 



Solution {j). 
Noteii. 



Solution (h). 

Fe.Zn. 
iVbfe 8. 

Solution (f ). 
JVoe«9. 

Prcc. (j). 
JVbfe 9. 



Precipitate (o). 
Cd. iVbfe 11. 



Solution (c). 
Dilute &nd pass HsS. Note 5. 

Solution (/). J Precipitate (/). 

Evaporate to 500 c. c. 



Sb,As,Sn,Bi,Cu,Cd, 
Pb, Add pr^:cipit€Ue (dy, 
Note 10. 



Sohiivon (^>. 



Add to 
(g\ NoteQ, 



Solution(7c^. 

Reject 
Note 6. 



Solution (m). 
JVbfe 11. 



Solution {n) 

Cd, etc. 
iVbie 11. 

FUtrdte (o). 

A7)fc 11. 



Pree, (»). 
Bi. JVbie 
11. 



Solution {3^, 
Note 11. 

Solution (u\ 
As. JVo^€ 12. 



Precipitaie (x). 
Note 11. 



Residue (Z). 
Bi,Cu,Cd, 



Solution (Q. 
As,Sb,Sn. 



Pb. iVbfe 10. iVbfe 10. 



JVec. (m). 
Reject 
^bte 10. 



5oZt4ton(s). 

As,Sb,Sii. 
Note 12. 

Prec. (f). 

As,Sb,Sii. 
Note 12. 



5. (r). 
Note 
10. 



Sb, 
AB,Sn 

iv:i2. 



Residue (s). 
JVb^e 12. 



Filtrate {ty 

Reject. 
Note 12. 



Residue {u). 
Sb,Sn. iVbto 13 and 14. 



Compare Fres., ^i^/i. fur An. Chem.y Vol. VIIL, 1869. 
The lead may contain silver, copper, bismuth, cadmium, 
zinc, iron, nickelj cobalt, arsenic, antimony, tin, manga- 
nese. 

Note 1. — ^The silver may be determined either by cupel- 
lation, or by a wet method. If the latter plan is adopted, 
weigh 200 gms. of pieces, scraped clean, introduce them 
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into a 1.6-litre flask, add nitric acid of 1.2 sp, gr., in small 
portions at a time, always keeping the metal in excess, 
and heat the liquid until only about 6 or 10 gms. of lead 
remain undissolved, and the solution begins to turn yellow- 
in consequence of the formation of lead nitrite. The silver 
will be concentrated in the residual metal. Withdraw it 
from the solution, and dissolve it in nitric acid, dilute to 
200 c. c, and add a mixture of 1 c. c. of hydrochloric acid 
and 50 c. c. of water. Allow the whole to stand 2 or 3 
days, and after all the silver chloride has settled, draw off 
the clear fluid, and filter out the silver chloride, on a small 
filter, wash with hot water, dry, and ignite filter and pre- 
cipitate together in a small weighed porcelain crucible. If 
the amount of silver chloride is so considerable that there 
is a possibility of its being incompletely reduced by the 
combustion of the filter-paper, the residue must be heated 
for a few minutes in a stream of hydrogen before weigh- 
ing. The amount left, after subtracting the filter-ash, 
gives the quantity of silver in the 200 gms. of lead. The 
refined metal seldom contains more than 0.0015 per cent 
of silver. 

Instead of treating the ignited precipitate with hy- 
drogen, add about 0.5 c. c. of nitric acid, evaporate to 
dryness, again add 0.5 c, c. of nitric acid, heat to dissolve 
any reduced silver, add 8 or 10 drops of hydrochloric acid, 
evaporate to dryness, fuse the silver chloride, cool, weigh, 
and calculate the silver. (See analysis of barium chloride. ) 

Note^Z, — ^Por the main analysis, weigh 200 gms. of lead, 
cleaned as before, introduce it into a 2-litre fiask, add 500 
c. c. pure nitric acid of 1.2 sp. gr. and 1 litre of water, and 
allow it to stand for 24 hours. Should a residue (a) con« 
taining antimony and tin remain, filter it ouf, dissolve it 
in hydrochloric acid, dilute a little, pass sulphuretted 
hydrogen through the solution, filter out the precipitate, 
wash, and reserve it to go with precipitate (r), consisting of 
the sulphides of antimony, arsenic, and tin. 

Note 3, — ^Transfer the clear solution (a) to the 2-litre flask, 
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if not already there, add 66 c. c. of pure concentrated sul- 
phuric acid, shake, cool, fill up to the 2-litre mark, agitate 
again, and allow to settle. Then siphon off accurately 
1750 c. c. of the clear solution, and reject the rest contain- 
ing lead sulphate or residue (6). It has been found, by 
repeated experiments, that the lead sulphate from 200 
gms. of lead occupies 44.99 c. c, or, in round numbers, 46 
c. c. The 2-litre flask, when filled to the mark, will hold, 
then 1955 c. c. of solution and 46 c. c. of lead sulphate. 
But as 1955 c. c. of the solution correspond to 200 gms. of 
the lead, then 1750 c. c. of solution will correspond to 
179.03 gms. of the original lead, or, in round numbers, 179 
gms. Consequently, all the calculations must be based 
upon this as the quantity taken for analysis. Evaporate 
the 1750 c. c, or solution (6), to fumes of SOs, allow to cool, 
add 60 c. c. of water, filter off and wash precipitate (c) of 
lead sulphate, containing, perhaps, a little antimony. 

Note A, — Dissolve precipitate {c) in hydrochloric acid, 
add 10 volumes of sulphuretted hydrogen water, warm, 
pass sulphuretted hydrogen gas, allow the precipitate to 
settle, filter, wash, spread filter in a porcelain dish, heat 
with a solution of yellow sulphide of ammonium or potas- 
sium, to which a little pure sulphur has been added, filter, 
wash, acidify the filtrate with hydrochloric acid, aUow the 
precipitate to settle at a gentle heat, filter, and wash. 

Reject the filtrate, or filtrate {d\ and add the precipitate, 
or precipitate {d\ to precipitate (/). If precipitate {d) 
contains much lead, treat it again with ammonium or po- 
tassium sulphide, as before, filter, acidulate with hydro- 
chloric acid, allow the antimony sulphide to settle, filter, 
and add the pure antimony sulphide to precipitate (/). 

Note 5. — ^Dilute solution (c), the filtrate from precipitate 
(c) of lead sulphate, to 200 c. c, heat to 70' C, pass the 
sulphuretted hydrogen, allow to stand 12 hours over a 
very gentle heat, filter through a small filter, and wash 
with hot water. There will be a solution (/), which may 
contain iron, zinc, cobalt, nickel, and manganese, and a 
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precipitate (/), whicli may contain antimony, arsenic, tin, 
bismuth, copper, cadmium, and lead. 

Nott 6. — Evaporate solution (/) to a volume of about 400 
c. c, transfer to a half -litre flask, make alkaline with am- 
monia, mix with freshly-prepared ammonium sulph-hy- 
drate, fill the flask, and allow to stand 24 hours. When 
the precipitate (^) has settled, filter, acidify the filtrate, or 
solution {g\ with acetic acid, and boil to recover any 
nickel which may have been retained in the solution. 
Filter out precipitate (A:) of nickel sulphide, and, after 
washing it slightly and drying, add it to precipitate {g\ 
which contains the principal part of the nickel, and reject 
the filtrate, or solution (A:). 

Note 7. — Treat precipitate {g\ containing, perhaps, iron, 
zinc, nickel, cobalt, and manganese, on the filter, with a 
mixture of 1 part of hydrochloric acid of sp. gr. 1.12, and 
6 parts of sulphuretted hydrogen water, pouring back the 
filtrate repeatedly on the filter, to avoid increasing the vol- 
ume of fluid unnecessarily. Bum the filter containing resi- 
due Qi\ after drying, together with the filter, containing pre- 
cipitate {]c\ in a porcelain crucible, treat with nitro-hydro- 
chloric acid, concentrate the solution, add a little water, 
filter, wash, make the filtrate alkaline with ammonia, add 
a few drops of ammonium carbonate, filter into a platinum 
dish, treat the filtrate with a few drops of strong solution 
of potassium hydrate, and heat until ammonia is entirely 
expelled. Then filter off the slight flocculent precipitate, 
wash, dry, ignite, and weigh the nickel oxide, and calcu- 
late metallic nickel. (See analysis of nickel ore.) Test 
the precipitate with the blow-pipe for cobalt. 

Notes, — Add a few drops of nitric acid to solution {h\ 
containing the iron and zinc, concentrate, make alkaline 
with ammonia, filter off the ferric hydrate, or precipitate 
(^), dissolve the precipitate with a few drops of hydro- 
chloric acid, again precipitate with ammonia, filter, wash, 
dry, ignite, weigh the ferric oxide, and calculate metallic 
iron. To verify the results, fuse the precipitate with acid 
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sodium sulphate, dissolve in water, rednce with zinc and 
platinum, and determine the iron with a dilute solution of 
potassium permanganate. (See analysis of ammonia-iron- 
alum.) 

Note 9. — Mix solution (^), or the filtrate from the ferric 
hydrate, with a little ammonium sulph-hydrate in a small 
flask, and allow to stand for 24 hours in a warm place. 
Filter out precipitate {J\ wash and digest on the filter with 
dilute acetic acid, to dissolve out any manganese sul- 
phides. Dissolve the residue of zinc sulphides remaining 
on the filter with hydrochloric acid, boil, after adding a 
little potassium chlorate to oxidize the sulphur, precipi- 
tate the zinc with sodium carbonate, and from the ignited 
precipitate calculate the zinc. (See analysis of zinc ore.) 

Boil solution (y), or the acetic acid solution of manganese 
sulphide, to small volume, add a little bromine water, 
warm until the excess of bromine is expelled, filter, wash 
with hot water, dry, ignite the precipitate, and calculate 
the manganese. (See analysis of manganese ore.) 

Note 10. — ^Heat precipitate {f\ which may contain anti- 
mony, arsenic, tin, copj)er, bismuth, cadmium, and lead, 
after adding precipitate (/), with a solution of ix)tassium 
sulphide, to which some pure sulphur has been added, 
filter out residue (Z), wiich may contain bismuth, copper, 
cadmium, and lead, and wash with hot water. Acidulate 
the filtrate, or solution (Z), which may contain arsenic, an- 
timony, and tin, with hydrochloric acid, and allow the pre- 
cipitate to settle completely. Filter out precipitate (r), 
which may contain arsenic, antimony, and tin, and reject 
the filtrate, or solution {r). 

Heat residue (Z), (insoluble in potassium sulphide) nearly 
to boiling, in a porcelain dish, with dilute nitric acid (pre- 
pared by mixing 1 part of acid of 1.2 sp. gr. with 12 parts 
of water). When the precipitate is dissolved, filter, wash 
the paper slightly, dry, ignite it, and add the ash to the 
nitric-acid solution. Then add 2 c. c. of dUute sulphuric 
acid, evaporate to fumes of SOb, dilute a little, and filter 
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ont and wash precipitate {m) of lead sulphate, which may 
be rejected. (See analysis of galena.) 

JV^ote 11. — ^ISTearly neutralize solution (m) (or the filtrate 
from the lead sulphate, and which may contain bismuth, 
copper, cadmium, and silver), with pure potassium hydrate, 
add NagCOs and a little of a solution of pure potassium cy- 
anide free from potassium sulphide, and heat gently. If 
a precipitate (n) of bismuth hydrate is produced, filter it 
out, wash, dissolve it in dilute nitric acid, precipitate it 
with ammonium carbonate, weigh it as bismuth trioxide 
(BigOs), and calculate the metallic bismuth. (See Fres., 
Quant Anal. § 120.) To solution (n) add a little more po- 
tassium cyanide and a few drops of potassium sulphide, 
filter and wash the precipitate (o) of sulphides of cadmi- 
um and silver, dissolve in dilute nitric acid, add a little 
hydrochloric add, filter out and wash the precipitate of 
silver chloride or precipitate (a?), which may be rejected, 
as the silver is determined elsewhere. Evaporate solution 
x)j containing cadmium, nearly to dryness, add a few 
droi>s of solution of sodium carbonate, filter out the pre- 
cipitate of cadmium carbonate, wash, dry, ignite, and 
weigh the cadmium oxide, and from it calculate metallic 
cadmium. To prevent reduction and volatilization of cad- 
mium during the ignition, moisten the filter with solution 
of ammonium nitrate. 

If no precipitation of the cadmium is produced by the so- 
dium carbonate, add a little potassium hydrate, and if one 
then forms, filter, wash, and proceed as above. Mix the 
filtrate from the sulphides of sUver and cadmium, or filtrate 
(o), withasmaU quantity of nitric and sulphuric acids, and 
evaporate nearly to dryness. Then add a few drops of hy- 
drochloric acid, and heat until cyanogen is expelled. Fil- 
ter, if necessary, and determine the copper by one of the 
methods given in the analysis of copper ore. 

When cadmium is absent, the separation of the bismuth 
ajid copper may be effected by means of ammonia and am- 
monium carbonate, removing any silver by hydrochloric 
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acid before precipitating copper sulphide. (For precau- 
tions to be observed, see Fres., QtuirU. Anal., § 163, 5.) 

Note\% — To precipitate (r), whicli may contain arsenic, 
antimony, and tin, and wMch was obtained by acidifying 
the potassium sulphide solution (Z) with hydrochloric 
acid, add the sulphuretted hydrogen precipitate from the 
solution of residue (a), (see JSfote 2), dry, and treat repeat- 
edly with carbon disulphide. After the carbon disulphide 
has evaporated from the filter, warm it, with its contents, in 
a covered porcelain crucible, after adding a few drops of 
red fuming nitric acid, heat the solution cautiously to expel 
excess of nitric acid, add sodium carbonate in excess and a 
little sodium nitrate, evaporate to dryness, and heat until 
the mass melts, and becomes white. Transfer the fused 
mass to a small mortar, add a little water, and pulverize 
carefully. Then wash it into a breaker, and proceed as di- 
rected in the analysis of type metal. (See also Fres., 
Qiuint JLTiaZ., page 427.) 

Dissolve residue {s) of sodium antimonate, in hydro- 
chloric and tartaric acids, pass sulphuretted hydrogen, set 
aside for a few hours, filter out antimony sulphide, wash, 
dry the precipitate, and reserve it to be combined with 
the sulphuretted hydrogen precipitate from the solution 
of residue iu). 

Evaporate solution (*), which may contain arsenic, anti- 
mony, and tin, in order to expel alcohol, add excess of di- 
lute sulphuric acid, evaporate to expel nitric acid, add 
water, heat to 70® C, and pass sulphuretted hydrogen. 
When precipitate if) has settled, filter, and wash with 
water, and reject the filtrate, or solution (f). If no tin be 
present, treat precipitate (^, on the filter, with a cold con- 
centrated solution of ammonium carbonate, pouring the 
filtrate back on the filter repeatedly in order to avoid the 
use of a large excess of solution of ammonium carbonate. 
The ammonium carbonate solution {u) will contain the 
arsenic. Acidulate it with hydrochloric acid, add a little 
filtered sulphuretted hydrogen water, filter through a 
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small tube, in which a little asbestos has been placed, 
both having been previously heated and weighed. When 
the whole of the precipitate has been transferred to the 
little tube, heat it at 100° C, until the greater portion of 
the water is expelled, and then heat it gently, not much 
above 100° C, in a stream of dried carbon dioxide, 
allow it to cool in a current of the gas, displace the 
carbon dioxide with atmospheric air, and weigh the tube 
and contents, and, from the trisulphide, calculate the 
arsenic. A better plan is to filter out the arsenious sul- 
phide on a very sfliall filter, oxidize the filter and sul- 
phide together by evaporation with fuming nitric acid, 
fuse the residue in platinum with a little sodium carbon- 
ate and nitrate, dissolve in water, and weigh the arsenic 
as magnesium pyro-arsenate, as directed in the analysis of 
arsenic ore. 

Note 13. — Dissolve residue (^ containing antimony, to- 
gether with the precipitate from solution of residue {s\ in 
strong hydrochloric acid, pass sulphuretted hydrogen, 
filter through a Small tube in the same way as directed 
above in the case of arsenic, heat gently in a stream of 
dried carbon dioxide, until the antimony trisulphide turns 
black, cool in a current of the gas, displace the latter by a 
current of dry air, weigh the tube and contents, and cal- 
culate the antimony. Or, oxidke the antimony oxide 
by Bunsen's method with nitric acid, and weigh it, as 
directed in the analysis of antimony ore, as antimony 
tetroxide. 

Note 14. — ^If tin be present, after expelling alcohol, 
passing sulphuretted hydrogen, and filtering out the pre- 
cipitate, dissolve the latter in potassium sulphide, add ex- 
cess of sulphurous acid, digest for some time on a water- 
bath, and then boil until two thirds of the water, and all 
the sulphurous acid are expelled. Solution if) will con- 
tain all the arsenic. (See Bunsen, in Annal. d. Chem. u. 
Pharm.^ 106, 8, andFres., Qiuint AtwL^ §165-6.) 

Precipitate the arsenic as sulphide, oxidize, fuse, take 
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tip with water, and weigh the arsenic as magnesium pyro- 
arsenate, as directed in the analysis of arsenic ore. 

Residue (f) will contain the tin and antimony. Oxidize 
it with fuming nitric acid in a weighed porcelain crucible, 
and weigh. Then ignite in a stream of hydrogen to expel 
the antimony tetroxide, oxidize again with nitric acid, and 
weigh the stannic oxide, from which calculate the tin. 
Calculate the antimony from the loss of antimony tetrox- 
ide. The tin and antimony may be separated and de- 
termined by oxidizing the residue left after extracting the 
arsenic, with nitric acid, fusing, dissolving in water, filter- 
ing out the soluble stannate from the insoluble antimon- 
ate, which latter is to be dissolved in hydrochloric and tar- 
taric acids, precipitated as sulphide, and the sulphide 
oxidized and weighed as antimony tetroxide, as directed 
in the analysis of antimony ore. 

To determine the tin, precipitate the sulphide from the 
solution of stannate, by means of sulphuretted hydrogen, 
filter it out, and bum it to stannic oxide, as directed in 
the analysis of tin ore. 

^ote 16. — ^To determine the small quantity of sulphur 
which may be present in the lead, draw out a piece of 
combustion tubing about 1 metre long, and of about 2 
centimetres diameter, to a long point, which is bent down 
so as to dip Into a small 8-bulbed U tube filled with water. 
Also narrow the combustion tube in the middle, so as to 
form a kind of bridge. Introduce into the anterior end of 
the tube about 100 gms. of the lead, in the form of a rod 
of about 1 centimetre diameter, close the tube with a com- 
mon cork, connect it with a smaller tube containing frag- 
ments of charcoal, and place it in a combustion furnace. 
Then heat the charcoal to the point of ignition, and pass a 
current of chlorine. When the tubes are filled with 
chlorine, melt the lead carefully, the tube being so in- 
clined that the melted leadwiU flow against the bridge, 
but not over it, and not flow back against the cork. Keep 
the charcoal red hot to remove any oxygen from the 



166 EEFINED LEAD. 

chlorine. Regulate the heat so that the lead will bum 
slowly to lead chloride, and collect in the empty part of 
the tube. If the stream of chlorine is property regiilated, 
and the lead chloride not heated, very little of it will pass 
over into the U tube. Wash the contents of the U tube 
into a beaker, precipitate the SOa with barium chloride as 
usual, and c^culate the sulphur. 



CHAPTER XXIX. 



WHITE PAINT GROUKD IN OIL. 

Extract the oil. J}fote 1. The dry paint may contain 
BaS04, PbS04, CaS04, aPbCOg— PbHaOg, BaCOs, CaCDs, ZnO, 
PbO,Si08,Al2,(Si08)8. J'^ote 2. 



Besidue (a). 

BaS04,PbS04,CaS04,SiO.,Al, 

(SiOo)a. Noted. 



Residue (&). 
BaS04,PbC0„ 
CaCOs.SiOgjAl, 
(SiO,),. Note A. 

Besidue (c), 
BaS04,SiO,.Als 
(SiO,),. Notes 5 
Q/nd 6. 

Precipitate (d). 
PbS. Noiel. 



Filtrate (5). 
(KH4)gS04. ItlPbS 
may be rejected. 
Note 8. 



Solution (c). 

PWO.H.O,)., 
and Ca(C,H,0.)a. 
Note 7. 

Ca(C,H,0,),. 
Note 8. 



Solution (a). 

Pb(0,H,0,)„Zn(C,H,0,)„Ca(C,H, 

0,)j,Ba(C,H,0,)g. Ab^e 9. 






-Res. (/). 
PbSO^. 
Note 0. 



ZnSO^. 
Note 10. 



Filtrate (e). 

Ca(C8H80,)„Ba 

(C.H.Og),. iVbte 

11. 

iVcc. (flf). Filt ig). 



BaSO^. 
Note 11. 



Ca(C,Hg 

0.),. 
iVbfe 13. 



The paint may contain, besides the oil, one or more of 
the following constituents, namely : Sulphates of lead, 
barium, and calcium ; carbonates of lead, barium, and cal-^ 
cium ; oxides of lead and zinc, and also silica and clay. 

Make a careful qualitative analysis of the paint, after 
extracting the oil, for upon it will depend the character 
of the quantitative analysis. 

Note 1. — Weigh a clean dry flask, which holds about 
150 c. c, and introduce into it 3 or 4gms. of the paint, 
and note the weight. Then add 80 or 40 c. c. of ether or: 
gasoline, shake well, and heat over steam until the fluid 
boils. Allow the solid matter to settle, and decant the 
clear fluid on a dry filter without disturbing the residue 
more than is necessary. Repeat the operation with 25 or 
30 c. c. of the solvent. Finally, waah the contents, ol tke> 
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flask on the filter with 25 or 30 c. c. of ether or gasoline, 
and dry the filter and contents, in an air-bath, at 100° C. 
The quantitative analysis may be made of a portion of 
this. 

To determine the oil, evaporate the filtrate in a weighed 
dish, without application of heat, until only oil is left, 
and then in an air-bath, at a temperature cf 100° C, for 
about an hour, cool, and weigh. Should there be any 
water in the oil, as there may be, if the ether used was not 
perfectly anhydrous, continue to heat at 100° C. until it is 
expelled, and then cool and weigh. Should the filtrate be 
turbid, and not cleared by refiltering, as is sometimes the 
case, pour it into a measured flask, dilute to a known 
volume, dilute with ether or gasoline, as the case may be, 
cork, and set it aside. After the solid matter has settled, 
take an aliquot portion of the clear fluid, evaporate it in a 
weighed dish, as directed above, and calculate the per cent 
of oil. The proportion of solid matter will be too small to 
render it necessary to make the allowance for its volume, 
as in the case of refined lead. 

Note 2. — Weigh carefully 1 gm. of the dry residue, 
from which the oil has been thoroughly extracted, and 
dissolve it in about 25 c. c. of hot acetic acid, in a covered 
vessel. Filter, and wash with hot water. 

If there be any residue {a) left on the filter, it will con- 
tain the silica and clay, and sulphates of barium calcium 
and lead, that maybe present in the paint. 

Solution (a) may contain lead, zinc, calcium and barium 
in the form of acetates, the last being due to the use of 
witherite (barium carbonate). 

Note 3. — Treatment of residue {a) : 

Wash it from the filter into a beaker with water, add 8 
or 10 gms. of ammonium carbonate, plug the point of the 
funnel, and fill also with a strong solution of ammonium 
carbonate, placing it in a filter-stand over the beaker, and 
allow all to stand for 12 hours, with frequent stirring. 
By this means, the sulphates of lead and calcium will be 
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converted into carbonates, whUe the barium sulphate, 
silicd, and clay will remain unaltered. Then remove the 
plug from the point of the funnel, allow the fluid in the 
filter to run through into a second beaker, pour the solu- 
tion of ammonium carbonate, from the first beaker, on the 
came filter, also transfer to it residue (6) (which may con- 
tain sulphate of barium, carbonates of calcium and leai 
and silica and clay), and wash well with hot water. The 
filtrate and washings, or filtrate (J), will contain the sul- 
phuric acid, which was combined with calcium and lead^ 
and may be rejected. (See note on galena analysis, p. 144.) 

Note 4. — Pour through the filter containing residue (6) 
(or the carbonates of calcium and lead, the sulphate of 
barium, and the silica and clay), hot acetic acid until it 
produces no effervescence, and wash well with water. 

Residue (c) will contain any sulphate of barium, silica, 
and clay, while filtrate (c) will contain any acetates of lead 
and calcium. 

Note 5. — ^Dry, ignite, and weigh residue (c). Then fuse 
it with sodium carbonate, boil the fused maSs in water, 
filter, and wash out alkaline sulphate. Treat the residue, 
containing barium carbonate, with hot dilute hydrochloric 
acid, by pouring it through the filter, and wash the latter 
well with hot water, allowing the filtrate and washings to 
run together into a separate beaker. To the clear acid so- 
lution add sulphuric acid, and determine the barium sul- 
phate as usual. This will give the amount of barytes in 
the paint. The difference between this weight and that of 
the total residue (c) will give the amount of silica and 
clay. 

Note 6. — ^Evaporate nearly to dryness the filtrate from 
the barium sulphate, after washing into it any residue 
left upon the filter, after dissolving tho barium carbonate, 
transfer to a platinum crucible, add^^ome acid sodium sul- 
phate, and fuse. When the mass is cool enough, add a 
little sulphuric acid, heat until the mass is brought to a 
pasty <^onsistence9 oool, and dissolve in water. By this 
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means, the silica will be rendered insoluble, and the alumina 
dissolved. Filter out and weigh the silica ; precipitate 
the alumina with ammonia, and determine it as usual. 
Calculate the alumina to clay (Al8(Si08)8). Any excess of 
silica is probably due to the use of infusorial earth. 

Note 7. — Saturate the filtrate from the barium sulphate, 
clay, and silica, or acetic acid solution (c), with sulphu- 
retted hydrogen, filter out the lead sulphide, or precipi- 
tate {d\ and wash it with a little sulphuretted hydrogen 
water. Then wash the precipitate from the filter into a 
beaker, dry the filter, transfer it to a porcelain crucible, 
moisten it with nitric acid, bum it, add the ash to the 
precipitate, and dissolve all with nitric acid. Then add a 
little concentrated sulphuric acid, evaporate to fumes SO3, 
dilute, filter out, and determine the lead sulphate existing 
as such in the paint. (See analysis of galena.) 

Note 8. — ^Boil out the sulphuretted hydrogen from the 
filtrate from the lead sulphide, or solution {d\ which 
may contain calcium acetate, add excess of ammonia 
and ammonium oxalate, filter, treat the precipitate as 
directed in the analysis of calcite, and weigh the calcium 
sulphate which existed in the paint as such. 

Note 9. — Treatment of solution (a) : 

Solution {a) may contain acetates of lead, zinc, calcium, 
and barium. Saturate with sulphuretted hydrogen, filter 
out, and wash precipitate {e\ which may contain sulphides 
of lead and zinc, dissolve the precipitate in nitric acid, 
add sulphuric acid to the solution, evai)orate to fumes of 
SOs, dilute, filter out the lead sulphate, or residue (/), 
observing the directions given in the analysis of galena, 
and calculate to basic carbonate of lead (2PbC08,PbH902). 
{^ee Note 1^.) 

Note 10. — From filtrate (/), the filtrate from the lead sul- 
phate, precipitate the zinc with excess of sodium carbonate, 
and determine the zinc oxide, as in the analysis of zinc ore. 

After precipitating, and filtering out the zinc carbonate, 
treat the filtrate with sulphuretted hydrogen, to insure 
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the complete precipitation of the zinc. Should any zinc 
sulphide be precipitated, dissolve it. in hydrochloric acid 
and potassium chlorate, precipitate with excess of sodium 
carbonate aa above, and, after determining the amount of 
zin<c oxide, add it to the first. 

Note 11. — To the filtrate from the sulphides of lead and 
zinc, or filtrate (e), which may contain acetates of calcium 
and barium, add a little hydrochloric acid, and dilute sul- 
phuric acid, to precipitate any barium present, filter out 
the barium sulphate, and wash it with sodium hyposul- 
phite, to dissolve out any calcium sulphate which may 
possibly be present. Weigh the barium sulphate, and 
calculate it to barium carbonate. 

Note 12. — To the filtrate from barium sulphate, or fil- 
trate {g\ add excess of ammonia, and a sufficient quantity 
of solution of ammonium oxalate, filter wash, dry, con- 
vert the calcium oxalate into sulphate as directed in the 
analysis of calcite, and calculate to calcium carbonate. 

Note 13. — ^In case there should be any lead oxide in the 
paint not combined with carbonic or sulphuric acid, it wUl 
be in the acetic acid solution (a), in which case a careful 
determination of the carbonic acid must be made, and, 
after subtracting enough to satisfy the calcium existing 
as calcium carbonate, the remainder should be calculated 
to basic carbonate of lead. Should there be any lead left 
unsatisfied, it is to be calculated to lead oxide. It must 
be remembered, however, that lead sulphate is slightly 
soluble in acetic acid, and a slight excess of lead in solu- 
tion (a) may be due to this cause. 

Appendix 1. — If the qualitative analysis shows the ab- 
sence of sulphates of barium, lead, and calcium, should there 
be any residue left, after dissolving the paint in acetic acid, 
dry, ignite, and weigh it, as it is probably silica or clay, 
or both. Then fuse it with acid sodium sulphate, digest 
the fused mass with sulphuric acid, dissolve in water, 
filter out the silica^ and in the filtrate determine the alu- 
nuna, and calculate the clay and free silica as in Note 6. 
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If no silica or clay, or sulphates of barium, lead, or cal- 
cium be present, acetic acid will dissolve the paint to a 
clear solution, for the analysis of which proceed as directed 
in Notes 9,10, 11, and 12. 

If no silica, or clay, or salts of calcium and barium be 
present, but only carbonate of lead and oxide of zinc, the 
paint may be dissolved in dilute nitric acid, and the solu- 
tion, after adding sulphuric acid, treated for lead, as 
directed in analysis of galena ; the lead calculated to basic 
carbonate (white lead), and the zinc precipitated from the 
filtrate by sodium carbonate, determined as in the analysis 
of zinc ore, and calculated to oxide. 

If the paint be a pure lead paint, dissolve in nitric acid, 
and determine the lead by evaporating with sulphuric 
acid, and proceeding as directed in the analysis of galena. 
The lead is to be calculated to basic carbonate. 

If it be a simple zinc paint, dissolve in nitric acid, pre- 
cipitate the zinc directly with sodium carbonate, and weigh 
it as oxide, as in analysis of zinc ore. 

In all cases where zinc is precipitated by sodium car- 
bonate, treat the filtrate with sulphuretted hydrogen, and 
if any zinc sulphide be recovered, filter it out, dissolve in 
hydrochloric acid, precipitate with sodium carbonate, and 
add the precipitate to the first one. 

Appendix 2. — In paint composed of sulphate and oxide 
of lead, and containing no carbonate, after dissolving in 
acetic acid, filtering, and washing well, dry, ignite as 
directed in analysis of galena, and weigh the lead sul- 
phate. 

In the acetic acid solution, determine both the lead and 
sulphuric acid, as a small amount of lead sulphate may be 
dissolved by the acetic acid. Calculate the sulphuric a^cid 
to lead sulphate, and add it to that found in the residue. 
Deduct the amount of lead due to lead sulphate, from the 
total lead found in the acetic acid solution, and calculate 
the remainder to lead oxide (PbO), existing as such in the 
paint. 
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CHAPTER XXX. 

FEESH WATEB. 

The kind of analysis required depends npon the use to 
be made of the water, whether for drinking and general 
domestic purposes, for steam boilers, for manufacturing 
purposes, or as a mineral water. 

The determination of its value as a potable water can be 
made by a short and simple analysis, showing the amount 
of silica, alumina, and oxide of iron, lime, magnesia, soda, 
potash, chlorine, sulphuric acid, organic and volatile 
matter (expelled by ignition from the residue left after 
evaporating a given quantity of water), and ammonia, 
both free and in a form styled albuminoid, which latter is 
thought to indicate constituents very detrimental to health. 
Besides, it is important to know its hardness, or soap de- 
stroying power. 

This analysis will furnish aU the information that is 
requisite to estimate the fitness of water for use in steam 
boilers, and for manufacturing purposes. 

The analysis of mineral water is much more complicated 
and laborious, and wiU be described later. 

Organic and Volaiile Matter. — ^Evaporate 250 c. c. of the 
water to dryness, in a weighed platinum dish, first on a 
water-bath, and then in an air-bath at 130° C, and re- 
weigh the dish with its contents. Then heat the dish, at 
low-red heat, until aU organic matter is consumed, and 
the contents are white or nearly so. Then add 25 c. c. of 
water, saturated with carbon dioxide, evaporate to dry- 
ness on a water-bath, repeat the treatment with carbon 
dioxide, evaporate on a water-bath, dry in an air-bath at 
130° C, as before, cool, and weigh. The difference between 
this weight and the first expresses the amount <! organic 
and tolatiU TruMer in the quantity of water taken. 
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In this country it is customary to report analysis of 
water as made on 1 U. S. gallon of 231 cubic inches, con- 
taining a certain number of grains, which number has been 
fixed upon in the Columbia College School of Mines as 
58, 318. The weights and measures used are French. This 
involves a short calculation to convert milligrammes into 
the corresponding number of grains. One milligramme is 
one millionth of 1 Utre. Suppose that upon evaporating 
1 litre of water 1 milligramme of solid matter was left, the 
quantity will be one millionth of 1 litre. If a gallon of 
the same water were used, the solid matter would amount 
to one millionth of 1 gallon, or, as the gaUon is assumed 
to contain 58,318 grains, one millionth of 58,318, and any 
number of milligrammes will correspond to that number 
of millionths of 68,318 grains. Therefore, the number of 
milligrammes multiplied by 68,318 and divided by 1,000,- 
000 will give the number of grains in 1 IT. S. gallon of 
231 cubic inches. This rule applies to the calculation of 
all the constituents found by analysis. Then, to deter- 
mine the number of grains of organic and volatile matter 
in 1 gallon of the water under examination, calculate the 
number of milligrammes which would be lost by treating 
the residue left after evaporating 1 litre of the water as 
directed above, multiply this by 58,318, and divide by 
1,000,000. The difference between the weight of dry 
residue before ignition and the sum of the constituents 
found by analysis, allowing for the loss of the water and 
part of the carbonic acid of acid carbonates, should not 
amount to more than a small fraction of a grain. If it 
does, the analysis should be repeated. This remark 
applies only to water containing a small amount of mineral 
matter. In the analysis of mineral waters, if it is desired 
to determine the "total solids" as a check on the correct- 
ness of the analysis, another method is pursued, which 
will be explained later. 

Silica^ Lime^ Magnesia^ Alumivxi^ and Oxide of Iron. — 
To determine these, evaporate in a platinum dish nearly 
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to dryness on a sand-bath (finishing the evaporation to 
dryness on a water-bath), from 2 to 8 litres of water, ac- 
cording to the purity of the water, having previously 
acidulated it with hydrochloric acid. Then dry the residue 
in an air-bath at 110** C, until the odor of hydrochloric 
acid cannot be detected, and proceed exactly as directed 
in the analysis of limestone. For this part of the analysis 
of Croton water, 5 litres will be sufficient. The evapora- 
tion may be made in porcelain instead of platinum, but 
there is danger of introducing a small amount of silica and 
alumina into the analysis. As in the analysis of water of 
this character it is unnecessary to separate the small 
amount of alumina and oxide of iron, they are generally 
weighed together, and reported as alumina and ferric 
oxide. 

Sulphuric Add. — ^Acidulate from 1 to 4 litres of the 
water with hydrochloric acid, evaporate to about 100 c. c, 
filter, if necessary, and determine SO3 as in analysis of 
magnesium sulplxate. For this determination in Croton 
water, 2 Utres will be sufficient. 

Cldorine. — Evaporate from 1 to 4 litres of the water to 
about 100 c. c. (2 litres of Croton water will be sufficient), 
and determine the chlorine volumetrically, by means of a 
standardized solution of silver nitrate. The determination 
is made by first adding to the water 3 drops of a saturated 
solution of potassium chromate, and then dropping into it 
the solution of silver nitrate, from a burette, until the red 
color of silver chromate appears. The number of c, c. of 
silver nitrate solution used, multiplied by the value of 
1 c. c, will give the amount of chlorine. This is calculated 
to grains in a gallon as above. The solution of silver 
nitrate is prepared by dissolving it in distilled water, in 
the proportion of 17 gms. of the pure salt in 1 litre of 
water. Tostandardize the silver nitrate solution, dissolve 
1 gm. of pure fused sodium chloride in 1 litre of distilled 
water, pour exactly 100 c. c. of the solution into a beaker, 
add 3 iops of saturated solution of potassium chromate, 
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and drop in, from a burette, the eflver solution until the 
red color of silver chromate appears. The known 
quantity of chlorine, in the 100 c. c. of salt solution, 
divided by the number of c. c. of silver solution used, will 
give the value of 1 c. c. of the latter. In the analysis of 
water containing very little chlorine, it is well to use a 
cerdvme silver nitrate solution. To prepare this, run 10 c. c. 
of the strong solution into a flask holding exactly 100 c. c, 
fill with water to the holding mark, end mix vrcU. 

Soda and Potash. — Evaporate from 1 to 10 litres to 
about 103 c. c. according to the character of the water (6 
litres of Croton water will be enough), acidulate slightly 
with hydrochloric acid, then add saturated solution of 
barium hydrate until the fluid is strongly alkaline, boil, 
filter, and wash well with hot water, to remove chlorides. 
From the filtrate precipitate excess of barium, by adding 
ammonium carbonate as long as it produces a precipitate, 
and boiling. Filter and wash the precipitate of barium 
carbonate with hot water until the washings give no re- 
action for chlorine. Evaporate the filtrate to dryness, and 
bum out the ammonium chloride at low-red heat. Take 
up with water, and repeat the treatment with barium 
hj'^drate, and ammonium carbonate, to insure the complete 
removal of magnesium, which may have been kept in solu- 
tion by the alkaline chlorides. Finally, evaporate the fil- 
trate to dryness in a weighed dish (preferably of platinum), 
expel any ammonium chloride present, at low red heat ; 
cool and weigh the chlorides of sodium and potassium. 
Dissolve the contents of the dish with water, and determine 
the potassium, as directed in the analysis of potassium 
alum, and calculate the sodium. Consult analysis of feld- 
spar. 

Har dries s. — ^By this is meant the soap-destroying power 
of the water. A degree of hardness means the effect pro- 
duced on a solution of soap by water containing 1 grain of 
calcium carbonate in a gallon. For the determination, 
there will be required a solution of soap, and one of cal- 
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cium chloride, with which to standardize the solution of 
soap. 

Soap SdhitUm. — To prepare this, dissolve 10 gms. of 
good soda soap (containing about 12 per cent of water)^ in 1 
litre of 90 per cent alcohol ; filter, and keep the solution 
in a glass-stoppered bottle, and mark it Strong soap ^lu- 
Hon. For use, add to 100 c. c. of the strong solution 100 
c. c. of water, and 33 c. c. of alcohol, adding the alcohol, 
before the water, and shaking gently ^ to avoid lathering. 

Calcium Chloride Solution. — ^To prepare this, dissolve (^ 
1 gm. of calcium carbonate in dilute hydrochloric acid, ^y^tL 
evaporate to dryness on a water-bath, to expel all free acid, ^^-^ 
and dissolve the residue in 1 litre of distilled water. One v^^ . ^ 
c. c. of this solution wiU correspond to one mgm. of calcium 
carbonate. Dilute 10 c. c. of the solution to 100 c. c, with, 
distilled water, introduce the mixture into a narrow glass- 
stoppered bottle, which holds about 150 c. c, and drop in 
the soap solution from a burette, little by little, intro- 
ducing the stopper into the bottle, and shaking after each 
addition of soap. Continue the oi)eration until a i)erma- 
nent lather is formed, which will remain unbroken for 5 
minutes. The lather should not be thick and frothy, but 
only a light pellicle covering the surface of the solution. 
When it breaks, the fluid below wiQ appear in patches. 
As the number of milligrammes of calcium carbonate in 
the fluid is known, when the number of c. c. of soap solution 
required to form a permanent lather is also known, a very 
simple calculation will give the number of milligrammes 
that 1 c. c. of the soap solution is equivalent to. 

To determine the hardness of a sample of water, intro- 
duce into a similar bottle 100 c. c. of the water, and treat 
it with soap solution in the same way as directed for stand- 
ardizing the latter. The number of c. c. of soap solution 
required, multiplied by the value of 1 c. c, and this prod- 
uct multiplied by 10, will give the number of milli- 
grammes of calcium carbonate in the litre that the hardness 
of the water is equivalent to. This number of milli- 
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grammes mtiltiplied by 68,318, and divided by 1,000,000, 
will give the corresponding number of grains of calcium 
carbonate in I gallon, or degrees of hardness. The hard- 
ness of water may be due to the presence of carbonates or 
sulphates, or, though rarely, to the presence of free acid. 
If it is desired to determine the "permanent" hardness, 
introduce into a flask holding about 250 c. c, 100 c. c. of 
the water, and boil for half an hour, to precipitate the car- 
bonates held in solution by carbonic acid, make the solu- 
tion up to 100 c. c, with distilled water, and determine the 
hardness as before. This is what is called ''permanent" 
hardness. The difference between this and the hardness 
of the water, before boiling, is called "temporary" hard- 
ness. To avoid much loss by evaporation while boiling, 
it is well to insert into the mouth of the flask a cork, 
through which passes a piece of glass tubing, about 3 feet 
long, which has a small bulb blown in it. By this means 
the steam will condense and run back into the tube. 
The quantity of water tested should not contain more than 
12 milligrammes of calcium carbonate. If it does, take a 
smaller quantity, dilute with distilled water to 100 c. c, 
and proceed as before. 

This determination is valuable, as it will often obviate 
the necessity of an analysis to decide upon the fitness of 
water for manufacturing purposes, and particularly for use 
in steam-boilers. 

PerTnanganate Test {vid. W. A. Miller, Jour, Lon. 
CTiem. Soc.^ 1865, XVIII. , p. Ii7). — This test is made to 
determine the amount of oxidizable organic matter in 
water, and is claimed by some able chemists to be equal in 
value to the determination of albuminoid ammonia. Dis- 
solve 0.7875 gm. of crystallized oxalic acid in 1 litre of 
distilled water ; then 1 c. c, of the solution will be equiva- 
lent to one tenth of a milligramme of oxygen, as 0.7875 
gm. of oxalic acid {SL/^fi^.^'R^O) requires O.JOO gm. of 
oxygen to become carbonic acid (CO2). Then dissolve 0.500 
gm. of potassium permanganate in 1 litre of water, and 
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dilute until 1 o. c. of the solution oxidizes 1 c. c. of the 
oxalic acid solution. Then 1 c, c. of the potassium per- 
manganate solution carries one tenth of a milligramme of 
available oxygen. To 200 c. c. of the water add 3 c. c. of 
dilute sulphuric acid, and permanganate solution until the 
color ceases to disappear for three hours. Prom the num- 
ber of c. 0. of permanganate used, calculate the quantity 
of oxygen required to oxidize organic matter. It is 
assumed that the oxygen required, multiplied by 8, is 
equivalent to organic matter. (See Tidy^s analysis of 
London water, Beports to Local Oovernmerd Board on 
Metropolitan Water ^ 1878.) 

Free ancL Albuminoid Ammonia. — The determination of 
these requires what is known as Nessler' s solution ; also a 
solution of ammonium sulphate or chloride for compari- 
son, a strong solution of sodium carbonate, one of potas- 
sium permanganate, and also distilled water free from 
ammonia. (See Water Analysis^ Wanklyn & Chapman, 
4th Ed., London, 1876, pp. 20 et seq.) 



Nesdefa Solution. — To prepare this solution, dissolve / 
60 gms. of potassium iodide in a small quantity of hot "^i. 
water, place the solution on a boiling water-bath, add, (^u 
with frequent agitation, a strong aqueous solution of mer- "^ti r :^ 
curie chloride (40 gms. of the salt and 300 c. c. of water), '^^t.,^ 

until the red precipitate just redissolves, filter, add to 
the filtrate a strong solution of 200 gms. of potassium 
hydrate, filter, dilute to one litre, add 6 c. c. of a saturated 
solution of mercuric chloride, allow the precipitate formed 
to settle, decant the clear fluid, and keep it for use in a 
tightly corked bottle. 

Ammonium Solution for Comparison. — ^Dissolve 0.3883 ({, 
'gm. of ammonium sulphate, or 0.316 gm. of ammonium ^\, 
chloride, in 1 litre of water, and 1 c. c. of either solution ^^ 
wiU contain one tenth of a milligramme of ammonia 
(NH3). Po.r use dilute to ten volumes, and then 1 c. c. will 
contain one hundredth of a milligramme of ammonia. 

Sodium Carbonate Solution. — ^Add 100 gms. of sodium 
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carbonate to 200 c. c. of distilled water free from ammonia, 
and keep in a well-corked bottle. 

Potassium Permanganate Solntion. — ^Dissolve 200 gms. 
of potassium hydrate and 8 gms. of crystals of potassium 
permanganate in 1 litre of distilled water free from am- 
monia^ boil hard for half an hour in a two litre flask, 
to expel ammonia, and keep in a well-corked bottle. 

Distilled If a^.— Boil distilled water, after adding a 
little sodium carbonate, in a large flask, until about one 
fourth is evaporated, then distill the remainder from a re- 
tort holding about 1500 c. c, until the distillate gives no 
reaction for ammonia with Nessler solution, testing 60 <5. c. 
of the water at a time. When no more amnjonia can be 
detected, distill off into a large bottle about 750 c. c, and 
test again, to be sure that the 750 c. c. are free from am- 
monia. Proceed in the same way until enough is pre- 
pared, and keep the pure water in tightly-corked bottles. 

Before using the solutions of sodium carbonate and po- 
tassium permanganate, they should be tested for am- 
monia. Introduce into a retort, holding 1500 c. c, 1 litre 
of water, add 15 c. c. of the solution of Bodium carbonate, 
and 50 c. c. of the potassium permanganate solution, and 
distill until the distillate gives no reaction for ammonia. 
Then distill 500 c. c. of the water, which will be free from 
ammonia. Introduce this water into a clean retort, add 
15 c. c. of the solution of sodium carbonate, and distill 
until the distillate ceases to give a color upon the addition 
of Nessler solution, and determine the ammonia as di- 
rected later, and note the amount upon the bottle. Then 
add 50 c. o. of the potassium permanganate solution, and 
proceed in the same way, marking the amount of ammonia 
found upon the bottle. The solutions should be tested 
frequently. 

i^Vee Ammonia* — Connect a retort (of capacity of at least 
1 litre) with a good condenser, cleanse by distilling some 
clean water in them, introduce 500 c. c. of the water to be 
tested and 16 a a of the ISTAgCO, solution ; distill, collect- 
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ing the distillate in test cylinders. Meanwhile place in 
other cylinders of the same calibre, amounts of the standard 
NH3 solution containing respectively 0.01, 0.02, etc., mgm. 
NHa, and dilute each up to 60 c. c. When 60 c c. have 
distilled over, add 1.6 c. c. of Nessler solution to each cylin- 
der. Always use the same Nessler solution, and the same 
amounts, and allow it to act as nearly as possible for the 
same length of time. After a few minutes compare thd 
tint of the distillate with those of the comparison cylinders, 
and thus estimate the amount of ammonia present therein. 
If the water is likely to contain much ammonia, it will 
be safer to mix the distillate by stirring, take out 10 c. c, 
dilute to 60 c. c, and test as described above. The re- 
maining four fifths of the distillate may be used to confirm 
the results thus obtained. Test each succeeding 60 c. c. 
of the distillate in the isame way, and proceed until 60 c. c. 
contain less than 0.01 mgm. NHe. The whole amount of 
ammonia thus determined, less that due to the 16 c. c. Naa 
COa giyesfree ammonia. 
X Albuminmd Ammonia. — When the distillation with 
NagCOs fails to show ammonia, add 60 c. c. of the perman- 
ganate solution and distill, testing each successive 60 c. c. 
of the distillate as before, until it contains less than O.Ol 
mgm. NHg. Deduct ammonia due to permanganate, and 
the result is albuminoid ammonia. 

A modification, which avoids corrections for ammonia in 
the reagents, may be stated briefly thus : Distill 200 to 3( 
c. c. of clean water with 16 c. c. Na^COs until the distillate 
is free from ammonia ; add 600 c. c. of the water and distill, 
testing the distillates for free ammxmia ; add 60 c. c. i)er- 
manganate solution and again distill clean ; then 6U0 c. c. of 
the water, and test distillates for total ammonia. The diflfer- 
enoe between free and total gives albuminoid ammonia. 

Nitrates {Did. Gladstone and Tribe, Jour. Lon. 
Chem. Soc.^ June, 1873). — Evaporate 2 or 3 litres of the 
water to dryness on a water-bath after adding a small piece 
of caustic lime, heat the mass with 6 or c. c. of distilled 
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water, and rinse it into a 200 c. c. flask, connected with a 
small Liebig condenser, which is also connected by means 
of a glass tube, with another small flask. The latter flask 
is provided with a doubly-perforated cork, through one 
hole of which passes the tube from the condenser, and 
through the other a bent glass tube connected with a small 
TJ tube containing a little broken glass, and a few c. c. of 
dilute hydrochloric acid. A little thin sheet zinc (10 or 15 
gms. ) is then plated with copper by immersing it in a concen- 
trated solution of copper sulphate for 15 minutes, and in- 
troduce (after washing it with cold water) into the flask 
with the residue. The liquid in the flask is gradually 
heated to boiling, and distilled for about an hour. The 
distillate and washings of the receiver are then evaporated 
with platinum tetrachloride, and from the spongy plati- 
num the nitric acid calculated. (Compare analysis of am- 
monio-ferric sulphate.) 

Ghrouping the Constituerds Found hy Analysis. — It is 
almost impossible to give rules for grouping the constitu- 
ents so as to meet all cases. It will be sufficient to give 
directions for grouping the results of analysis of such 
water as is at all likely to be used for drinking or manu- 
facturing. Combine the sodium with chlorine as sodium 
chloride, and the potassium with sulphuric acid as potas- 
sium sulphate. Should there be any more sodium than 
the chlorine will satisfy, and more sulphuric acid than is 
required by the potassium, combine the excess of sodium 
with sulphuric acid as sodium sulphate, and should 
there be more sodium than the sulphuric acid will satisfy, 
calculate the excess to sodium carbonate. Should there 
be more than enough sulphuric acid to combine with 
sodium and potassium, combine the excess first with cal- 
cium, as calcium sulphate, and any further excess with 
magnesium as magnesium sulphate. If the water contains 
a large amount of chlorine (more than enough to satisfy 
the sodium), and not enough sulphuric acid to satisfy the 
potassium, combine the excess of potassium with chlorine, 
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and if there be any chlorine still left, combine it first with 
magnesium, and then, if there be more than enough to 
saturate the magnesium, combine the excess with calcium. 
Calculate all calcium and magnesium not combined with 
chlorine and sulphuric acid to carbonates. 

The following table may be found of use in the analysis 
of mineral and potable waters for the calculation of the 
number of grains in the U. S. gallon of 231 cubic inches, 
the number of milligrammes per litre having been found. 
The number of grains in the gallon has been taken as 
68,318, which is believed to be the most correct figure, 
though authorities on the subject differ slightly from one 
another, e. g.y the U, S. Dispensatory gives 58,328.886, or 
nearly 11 grains more. Either of these results gives about 
133.3 avoirdupois ounces in the gallon. 

ToMe ahowinq the number of grains in the U. S. ^llon o/ 231 cufeic inches, corresponding 



number of miUigratnmes in one Utre^ by K Waller , A. If., EM, 



Mas. to 1 Litre = 
QRg. TO U. S. Gal. 



1.... 0.058818 
2. ..0.116686 
8....0.174d54 
4. . . .0.338273 
6. . . .0.391590 

6. . . .0.84990^ 
7. . . .0.408326 
8. . . .0,466544 
9. . . .0.624863 
10. . . .0.588180 

11.... 0.641498 
13 ...0.699816 
13.... 0.758184 
14.... 0.816463 
15. . . ,0.874770 

16.... 0.988088 
17.... 0.991406 
18.... 1.049724 
19.... 1.108043 
20.... 1.166860 

21.... 1.834678 
22.... 1.282996 
23.... 1.841814 
24.... 1.899682 
25.... 1.457050 



Mas. TO 1 Lmts =: 
Gbs. to U. S. Gal. 



26.... 1.516268 
27.... 1.574586 
28.... 1.682904 
29.... 1.691222 
80.... 1.749540 

81.... 1.807858 
82.... 1.866176 
88.... 1.924494 
84.... 1.982812 
85. . . .2.041180 

86. . . .2.099448 
87. . . .2.157766 
88. . . .2.216084 
89. . . .2.274502 
40. . . .2.882720 

41.... 2.891088 
42. . . .2.449856 
48. . . .2.507674 
44. . . .2.565992 
45. . . .2.624810 

46....2.6826~d 
47.... 2. 740946 
48.... 2. 799264 
49,... 2. 857582 
50. . . .2.915900 



Mos. to 1 Litre = 
Qbs. to U. S. Gal. 



51.... 2. 974218 
52. . . .8.082586 
68. . . .8.090854 
64. . . .8.149172 
65.... 8.207490 

56. . . .8.265808 
67. . . .8.824126 
68. . . .8.882444 

59 8.440i62 

60. . . .8.499080 

61.... 8.557898 
62. . . .8.615716 
63. . . .3.674084 
64. . . .8.782852 
66. . . .8.790670 

66. . . .8.848988 
67.... 8.907806 
68. . . .8.965624 
69. . . .4.028942 
70. . . .4.082260 

71 ...4.140578 
73.... 4.198896 
73. . . .4.267214 
74. . . .4.815582 
75. . . .4.373850 



Mos. to 1 LlTRI =: 

Gbs. to U. S. GiL. 



76. . . .4.482168 
77. . . .4.490486 
'i8. . . .4.548804 
79. . . .4.607122 
80. . . .4.665440 

81.... 4. 728758 
82. . . .4.782076 
88. . . .4.840894 
84. . . .4.898712 
85. . . .4.957080 

86. . . .5.015848 
87. . . .5.07866ft 
88.... 5.131984 
89.... 5.190802 
90. . . .5.248620 

91.... 5.806988 

92 5.365256 

93. . . .5.483574 
94. . . .5.481892 
95. . . .5.540210 

06. . . .5.598528 
97. . . .5.656846 
98. . . .6.715164 
99.... 5. 773482 
100.... 5.831800' 



CHAPTER XXXL 

HINEBAL WATER. 

The term "mineral" is usually applied to water possecs- 
-ing medicinal properties, or an .unusual amount of 
mineral matter. It is not proposed here to discuss the 
subject of mineral water, but simply to give methods of 
analysis of two leading varieties — alkaline carbonated 
water and sulphur water, that of Saratoga being an illus- 
tration of the former, and that of Chittenango, New York, 
an illustration of the latter. For more information on the 
subject, the student is referred to Pres., Quant. AnaX.j 
§206, et seq., and the writers quoted by him, and also to 
Hunt' s Chem. arid Oeolog. Essays, and his papers in Am» 
Jour. Sci. and Arts, 1865. 

Saratoga Water. — The method given here has been fol- 
lowed for a long time in the Columbia College School of 
Mines, having originated in the private laboratory of Dr. 
C. F. Chandler. The constituents provided foi are 
potash, soda, lithia, lime, magnesia, strontia, baryta, 
oxide of iron, oxide of maganese, alumina, chlorine, 
bromine, iodine, fluorine, sulphuric acid, phosphoric acid, 
boracic acid, carbonic acid, and silica. 

Total Solids. — ^Evaporate in a weighed platinum dish 
from 200 to 600 c. c. of the water, on a water-bath, and 
dry thoroughly in an air-bath at 130"^ C. The weight of 
solid residue gives a control of the analysis. Fresenius, 
in his Qtiant. Anal., § 213, says that '* a more exact con- 
trol is attainable as follows : By treating the residue, on 
evaporation, with sulphuric acid, and comparing the re- 
sidue of the sulphates (the iron is present as sesquioxide) 
with the sum of the fixed alkalies, alkaline earths, and 
manganese expressed as sulphates, plus the sesquioxide of 
iron, the silicic acid, and the phosphoric acid (as HPOa)»" 



IROK, LIME, KTC. — SODIUM CARBONATE. 185 

Oxide of Iran^ Alumina^ Lime^ MagTiesia^ and Silica. 
— Acidulate 1 litre, or more, in very weak waters, with, 
hydrochloric acid, evaporate to dryness, take up with hy- 
drochloric acid and water, filter out the silica, and weigh 
it. Then determine the silica by loss, after treating with 
sulphuric acid and ammonium fluoride, Shpuld there be 
any residue, fuse it with a little sodium carbonale, digest 
with water, filter out and wash the residue insoluble in 
water, dissolve it in hydrochloric acid, ard examine the 
solution with the spectroscope. Should baryta or strontia 
be present in appreciable quantity, determine them. The 
residue will probably be only ferric oxide, which is to be 
brought into solution, and^ added to the filtrate from the 
silica. Treat the filtrate with ammonia, filter out the pre- 
cipitate of ferric oxide and alumina, dissolve it in hydro- 
chloric acid, and reprecipitate with ammonia, and deter- 
mine the ferric oxide and alumina together. In the fil- 
trates, determine the lime and magnesia, as in the analysis 
of limestone* 

Sulphuric Add^ — Acidulate 1 litre of the water with 
hydrochloric acid, evaporate to small volume in a porce- 
lain dish, and determine the sulphuric acid as m analysis 
of magnesium sulphate. 

Sodimn Carbonate. — Evaporate 1 litre of the water to 
dryness, digest the residue with boiling water, filter, and 
wash until the washings give no alkaline reaction with 
litmus paper. Carbonates of sodium and lithium go into 
solution. To the filtrate add, in slight excess, a mixture 
of calcium chloride and ammonia (prepared by dis- 
solving 60 gms. of calcium chloride in S60 c. c. of water, 
adding to the solution 100 c. c. of ammonia, filtering, add- 
ing 100 c. c, more ammonia, and diluting to 500 c. c). 
Reaction will take place between the calcium chloride and 
the carbonates of sodium and lithium in the water, by 
which calcium carbonate will be precipitated, and the 
chlorine unite with the sodium and lithium. Filter out 
the calcium carbonate, and wash it repeatedly with water 



188 MINERAL WATER. 

until the chlorides are removed. Then dissolve the pre- 
cipitate through the filter with hydrochloric acid, precipi- 
tate the calcium as oxalate, and determine it as sulphate, 
as in analysis of calcite. Estimate the corresponding 
amount of acid sodium carbonate. 

As this method of analysis, intended strictly to meet the 
case of Saratoga water, is applicable in most points to the 
analysis of other alkaline carbonated waters, it is proper to 
mention that in some cases it must be modified. Sodium 
carbonate may exist in presence of excess of carbonic acid 
and of magnesium carbonate, before evaporating the 
water, but by evaporating, calcium carbonate, magnesium 
sulphate and sodium sulphate will be formed. (Hunt. ) 
In such a case it is better to determine the alkalies in ex- 
cess over what is required to combine with chlorine and 
sulphuric acid, and calculate the sodium carbonate. In 
such cases, determine the sodium, as directed in analysis 
of fresh water. 

Potash. — ^Evaporate 1 litre of the water nearly io dry- 
ness in a silver or platinum dish, filter, and wash with 
boiling water until the washings give no alkaline reaction 
with litmus. If the water is strongly saline, evai)orato 
one tenth of the solution, on a water-bath, to the consist- 
ency of syrup, after acidulating with hydrochloric acid, 
and adding an amount of solution of platinum tetra- 
chloride containing platinum tetrachloride equal in weight 
to four tunes that of the chlorides of the alkalies present, 
and determine the potash as directed in the analysis of 
potassium alum. 

Should there be any sodium salt unconverted, or sodium 
platino-chloride difficult to dissolve in the alcohol, filter, 
wash on the filter with hot water, into another beaker, 
until only yellow potassium platino-chloride is left, evap- 
orate the filtrate as before, after adding more pf^tinum 
tetrachloride, filter, and combine the precipitates of pure 
potassium platino-chloride, and determine the potassium. 

In water containing soluble salts of calcium, partic- 
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nlarly calcium sulphate, some may remain with the platiuo- 
chloride undissolved by the alcohol, and be found with the 
spongy platinum after ignition. In such a case, the resid- 
ual platinum may be purified by boiling it with hydro- 
chloric acid and water, filtering, and washing thoroughly. 
The better plan, however, in the case of water of such 
a character, is to determine the potassium as in the analy- 
sis of feldspar. 

OhloTine. — ^Determine the chlorine in 25 c. c. of the 
water, after diluting it with about 100 c. c. of distilled 
water, by a standard solution of silver nitrate, as directed 
in the analysis of fresh water. In water containing less 
chlorine than those of Saratoga, a larger amount must be 
used for the determination, evaporating, if necessary. The 
chlorine may be determined gravimetricaUy, as in the 
analysis of barium chloride. It must be borne in mind 
that iodine and bromine act similarly to chlorine on the 
silver solution, and that a proper correction must be made 
on account of theur presence. 

Carhonic Acid. — Introduce into each of several bottles, 
of a capacity of about 300 c. c, and provided with tightly 
fitting glass-stoppers, exactly 50 c. c. of a solution of cal- 
cium chloride and ammonia, prepared as directed in the 
paragraph on sodium carbonate, and introduce into each 
one 200 c. c. of the water, at the spring, before the free 
carbonic acid has had time to escape, insert the stoppers 
slightly greased with pure tallow, and secure them with 
pieces of cloth firmly tied to the necks of the bottles. 
Afterward, in the laboratory, remove the stopper from a 
bottle, cleanse it, as well as the neck of the bottle, from 
aU grease, drop it again loosely into the neck, place the 
bottle in water, and boil until violent effervescence ceases. 
Then filter out the calcium carbonate, riuse the bottle 
thoroughly with water, pouring the washings on the same 
filter, and keep the bottle for further treatment. Wash 
the calcium carbonate on the filter as long as the wash- 
water gives any reaction with ammonium oxalate. This 
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wasMng should be done rapidly, to avoid the formation of 
calcium carbonate by the carbonic acid in the atmosphere. 
Dissolve the calcium carbonate adhering to the bottle with 
a little hydrochloric acid, and wash into a beaker. Then 
I)erf orate the filter with a rod, wash the precipitate through 
it into the same beaker, cleansing the filter with hydro- 
chloric acid, boil, to expel free carbonic acid, determine 
the calcium as in analysis of calcite, and calculate the car- 
bonic acid. Confirm the results by treating another 
bottle in the same way. 

' Treatment f(yr Svb stances in Minute Quantities. — ^If the 
water is not alkaline to litmus without boiling, it is better 
to add sodium carbonate until the water has a slight 
alkaline reaction, as otherwise iodine and bromine may be 
lost by evaporation. Evaporate from 10 to 20 gallons of 
the water to dryness in an even number of porcelain 
dishes, introducing the same quantity of water into each, 
by which means the weighing and dividing the salts 
soluble in water may be avoided, as will be seen later. 
Complete dryness is not necessary. Treat the residues 
with hot water, boil, decant through two filters, repeat 
the treatment several times, and finally throw the residues 
on the filters, and wash until no trace of lithium can be 
detected. If it is found to be difficult to wash out the 
lithium from the residues, it is well to wash moderately, 
until no bromiae can be detected in the washings, and 
determine the lithium in the residues. 

There will be — 1st. Two Insoluble Residues. 2d. Two 
Solutions. 

Treatment of tfie InsolvMe Residues. 

First Case. — If lithium be not present in the water, or 
be completely removed by hot water, dissolve the residues 
in hydrochloric acid, combine the solutions, evaporate to 
dryness, add a little hydrochloric acid to the dry mass, 
heat, dilute with water, and filter out the residual silica, 
which may contain sulphates of barium and strontium. 
Expel the silica with ammonium fluoride and sulphuric 
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acid, fuse the residue with sodium carbonate, digest with 
water, throw the mass on a filter, wash out alkaline sul- 
phates, dissolve the carbonates left on the filter with hy- 
drochloric acid, and determine the barium and strontium in 
the manner directed later. Divide the filtrate from the 
silica into 3 equal parts. 

Firsts for phosphoric acid. 

Secondjfor iron and manganese. 

Thirds for barium, and strorUium. 

Treatment of the Part for Phosphoric Acid. — Expel 
the hydrochloric acid, and convert chlorides into nitrates 
by evaporation with excess of nitric acid, diluting, adding 
ammonium molybdate, and proceeding as directed in 
analysis of iron ore. 

Treatment of the Part for Iron and Manganese. — 
Precipitate the iron as basic acetate, filter, dissolve the 
precipitate with hydrochloric acid, and precipitate «gain, 
filter, wash with hot water, combine the filtrates, evaporate 
to small volume, and determine the small amount of man- 
ganese, frequently found in vsrater as manganous oxide, as 
directed in analysis of manganese ore. Bring the basic 
acetate in sulphuric acid solution, and determine the iron 
by titration with solution of potassium permanganate, as 
in analysis of ammonio-f erric sulphate. 

TreatmeTit of the Part for Barium and Strontium. — 
Dilute the solution with water, add dilute sulphuric acid, 
and boil. Enough acid should be added to precipitate a 
little calcium, or some strontium may remain in solution. 
At the same time care must be taken not to precipitate too 
much calcium, or it will be difficult to wash, and strontium 
may be lost in the alcohol, which is rarely, if ever, abso- 
lute. The precipitate consisting of sulphates of barium 
strontium and calcium should be treated with a strong so- 
lution of ammonium carbonate, which will convert the 
oxides of calcium and strontium into carbonates, while 
the barium sulphate will be unaffected. The carbonates 
are then dissolved away from the barium sulphate on the 
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filter, wltli cold dilute hydrocUorio acid, the barium sul- 
phate washed with water, dried, ignited, and weighed, 
and the barium calculated. (H. Eose, Pogg. Annal.^ 
XCV., 286, quoted by Fres., Quant. Anal., % 154, 3, p. 
347. ) The hydrochloric acid solution is evaporated to dry- 
ness with excess of nitric acid, to convert the chlorides 
into nitrates, and the nitrate of calcium dissolved out with 
a mixture of equal parts of alcohol and ether. (H. Rose, 
p. 95.) 

The residual strontium nitrate is dissolved in water, and 
the strontium determined as sulphate. (See Fres., Quant. 
AnaLy § 73, p. 107.) All the precipitates should be tested 
by the spectroscope. 

Second Case. — If lithium be present, and be not com- 
pletely removed by hot water, which will be almost always 
the case if there be much in the water, divide the hydro- 
chloric acid solution of the residues insoluble in hot water, 
into 4 equal parts (instead of 3), in one of which the 
lithium is to be determined, while the other 3 are to be 
treated as directed in ihQ first case. 

For the determination of the lithium, evaporate the solu- 
tion to dryness on a water-bath, transfer the residue to a 
flask, and proceed as directed later for the determination 
of lithium in the water solution. Also consult Fres., 
Quant. Anal., §209, 7, 4th London Ed., 1866. 

Treatment qf Waier Solviions. — ^There will bo two, if 
the plan suggested before, of evaporating the water in 
separate portions has been followed. Evaporate each to 
dryness, and appropriate one to the determination of 
lithium, and the other to the determination of iodine and 
bromine. It is to be remembered that in waters contain- 
ing a large amount of chlorine, and also barium and 
strontium, the latter, or at least a portion, may be found 
in the water solution, instead of the iusoluble residue, and 
that in such a case, a portion of the water solution must 
be taken for their determination. 

Lithium and Boracic Add. — ^When the solution in 
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which the lithium is to be determined has been evaporated 
to very small volume, pour -about 1 c. c. of it into a watch- 
glass, acidulate it with hydrochloric acid, and test it with 
turmeric paper for boracic acid, traces of which are gen- 
erally found in water of Saratoga. Wash back the fluid 
used for the test, and continue the evaporation to dryness. 
Then moisten the dry residue with hydrochloric acid, 
evaporate again to dryness on a water-bath; dry heat 
must not be used, as the Uthium chloride is very easily 
decomposed by heat, being converted into oxide which is 
insoluble in absolute alcohol. After evaporating the ex- 
cess of hydrochloric acid, transfer the dry residue to a 
capacious flask, agitate well with absolute alcohol, decant 
through a filter, repeat until the residue gives no reaction 
for lithium in the spectroscope, evaporate the alcohol on a 
water-bath, and dissolve the residue in water. 

As magnesium carbonate is not entirely insoluble in 
water in presence of chlorides, some magnesium will be 
found in the solution resulting from the treatment of the 
residue of the original evaporation, and must be removed 
before determining the lithium as phosphate. To effect 
the removal of magnesium, make the solution alkaline 
with the barium hydrate, filter, and from the filtrate pre- 
cipitate the excess of barium with ammonium carbonate, 
add to the filtrate about 6 gms. of pure hydro-disodium 
phosphate, enough pure sodium hydrate to keep the reac- 
tion alkaline, and evaporate the mixture to dryness ; pour 
water over the residue in sufficient quantity to dissolve 
the soluble salts with the aid of a gentle heat, add an equal 
volume of ammonia, digest at a gentle heat, filter after 12 
hours, and wash the precipitate with a mixture of equal 
volumes of water and ammonia. Evaporate the filtrate 
and first washings to dryness, and treat the residue in the 
same way as before. If some more lithium phosphate is 
thereby obtained, add this to the principal quantity. (See 
Fres., Quant Anal.^ % 100, p. 164.) 

Iodine^ Bromine^ and Nitric Acid. — ^Evaporate thesolu- 
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Hon, in which these are to be determined, to dryness, 
transfer the dry residue to a capacious flask, and boil on 
a water-bp.th rei)eatedly, with 85 per cent alcohol, de- 
canting on a filter each time, until the residue gives no re- 
action for bromine, when treated with fuming nitric acid 
and carbon disulphide. Evaporate the alcohol on a water- 
bath, and when the alcohol is expelled, test a little of the 
substance for nitric acid. To determine nitric acid, 
evaporate a separate portion of the water, and proceed as 
directed in the analysis of fresh water. After expelling 
the alcohol, wash the residue into a platinum dish, add 
about 5 times its weight of sodium carbonate, dry, and 
fuse. This is done to decompose any organic matter which 
may be present, either from having been held in the water 
originally or extracted from the vessels in which the water 
was collected. Organic matter must be removed, or it 
will, upon the addition of palladium chloride, cause a pre- 
cipitate of palladium oxide with the iodide, and thereby 
vitiate the determination. Dissolve the fused mass in 
water, acidulate slightly with hydrochloric acid, add 
slight excess of palladium chloride, allow the whole to 
stand for 24 hours in a warm place, filter out the pal- 
ladium iodide, wash with warm water, dry, ignite, and 
from the metallic palladium calculate the iodine. 

To the filtrate from the palladium iodide add sodium 
carbonate in excess, evaporate to dryness, digest the dry 
residue with boiling absolute alcohol, decanting on a 
filter, and repeating the treatment until the residue gives 
no reaction for bromine, when tested with fuming nitric 
acid and carbon disulphide. When the bromine is all ex- 
tracted from the residue, evaporate the alcoholic solution 
to dryness, after adding a little sodium hydrate, dissolve 
the dry residue in water, add excess of silver nitrate, 
filter out the precipitate of bromide and chloride of silver, 
wash with hot water, dry the precipitate, fuse it in a 
weighed porcelain crucible, and weigh. Then pour water 
on the fused mass in the crucible, add a little hydrochloric 
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acid and a fragment of zinc. In 24 hours, the silver will be 
completely reduced. The silver is then rubbed to powder, 
boiled with water containing a little hydrochloric acid, 
washed with pure water, gently ignited, and weighed. 
The difference between the atomic weights of chlorine and 
bromine is to the atomic weight of bromine as the differ- 
ence between the amount of chloride and bromide of silver 
employed, and the amount of chloride which the reduced 
silver ought to yield is to the amount of bromine present. 
(See Wohler's Mineral AnalysiSy p. 213; and Fres., 
Quant Anal., § 169, p. 412.) 

As silver chloride is not absolutely insoluble in hydro- 
chloric acid, it is well to test the fluid, after treating the 
reduced silver with hydrochloric acid to remove any traces 
of zinc remaining with the silver, and if any silver chloride 
be recovered, add the weight of it to that calculated from 
the reduced silver, before making the calculation as direct- 
ed above. On the other hand, as a slight amount of chlo- 
ride may escape reduction, it is well to treat the reduced 
silver with a little ammonia, filter, wash, ignite, and weigh 
the silver again. The loss will be silver chloride. Estimate 
the chlorine in it, and substract it from the first weight. 
After making these corrections, calculate the bromine. 

Calculation of fJte Analysis. — The sulphuric acid is 
combined with potassium to form sulphate. 

The potassium unsatisfied by sulphuric acid is combined 
with chlorine to form potassium chloride. 

The chlorine not required by potassium is combined with 
sodium to form sodium chloride. 

The bromine, iodine, phosphoric acid, boracic acid, and 
nitric acid are combined with sodium, to form bromide, 
iodide, phosphate, biborate, and nitrate. 

The sodium bicarbonate is determined directly. 

The sodium is not determined, but is assumed as the sum 
of all required to combine with chlorine, bromine, iodine, 
phosphoric acid, boracic acid, nitric acid, and carbonic acid. 

The lithium, magnesium, calcium, less that for fluorine, 
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strontittm, barium, iron, and manganese, are combined 

with carbonic acid to form bicarbonate. 

The fluorine is calculated to calcium fluoride. 

The alumina, silica, and organic matter are reported as 
such. 

Sulphur Waters.— "Yhfy constituents of these waters are 
very similar to those found in most spring waters, with 
the exception of the sulphur compounds, as will be seen 
by the subjoined report of analyses of the waters of Chit- 
tenango, Madison Co., N. Y., taken from a lecture of Dr. 
C. F. Chandler, published in Am. Chem.^ December, 1871. 

ANALYSIS OP SULPHUR WATERS. 



In Onb U. S. Gallon of 231 Cubic 
Inches. 



Chtttenango, Madison Coxjwty, N. Y^ 



Hydrosulphate of sodium, 
NaHS 

Hydrosulphate of calcium Ca 
CHS), 

Suiphate of pocassa 

Sulphate of soda 

Sulphate of lime 

Sulphate of strontia 

Sulphate of magnesia 

Hyposulphite of soda. 

Bicarbonate of isoda, NaHCO,. 

Bicarbonate of lime 

Bicarbonate of magnesia. ..... 

Bicarbonate of iron 

Chloride of potassium. ........ 

Chloride of sodium 

Chloride of lithium 

Alumina .... 

Silica 

Sulphur (in suspension) 

Sulphide of iron (in suspension) 

Total sol id contents per gallon 

Total sulphur in the metallic 

sulphides and sulphuretted 

hydrogen 



White Sul- 
phhr Sp'g. 

Grains. 

0.117 



0.213 
81.420 
Trace. 

1.953 



22.017 
0.078 
0.156 
1.037 

Trace. 
0.082 
0.286 

Trace. 



Cave Spring. 



Magnesia 
Kpiing. 



Grains. 
0.316 
1.123 



.... 



107.359 



106.126 

Trace. 

7.589 

0.257 



23.973 
0.156 
0.233 
1.569 

Trace. 
0.222 
0.519 



Grains. 
0.757 
0.929 



115.085 
Trace. 
12.718 

0.020 



Florida 

Spring, 

MontgoSV 

Co., N. Y. 



• • • • 



142.113 



0.339 1 1.397 



20.779 
0.325 
0.333 
1.833 

Trace. 

Trace. 
0.577 



Grains. 
2.008 

1*390 



163.356 



2.400 



0.711 

22.143 

8.317 

6.972 



5.880 

.... 

Trace. 

0.793 

■ • • • 

0.176 



43.890 



1.9165 



CUBIC INCHES OP GAS PER GALLON. 



Sulphuretted hydrogen gas. . . . 
Carbonic acid fcas 



0.884 
20.480 



2.754 
15.934 



5.623 
19.456 



3.766 
32.169 



THE 



COMP< 

Soi 



Chlor 

Chlor 

Brom 

Iodide 

Fluor 

Bicar 

Bicar 

Bicar 

Bicar 

Bicar 

Bicar 

Bicar 

Sulph 

Phos 

Biboi 

Alum 

Silica 

Orga 

Total 



Carb 
Dens 
Temj 



Potaf 
Sodii 
Lithl 
Lime 
Stroi 
Bary 
Ma^c 
Protc 
Aluna 
Chloi 
Bront 
lodin 
Blue 
Sulpl 
Phos 
Bora 
'Jarb 

ate 
Carb 

boi 
Silica 
Orga 
Wat€ 
Oxyi 
Oxyj 
OxyJ 
Oxyi 

Tota 

Tota 
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'^The analyses were made in the Editor's laboratory, 
with the assistance of W. H. Chandler and F. A. Cairns." 

The evaporation of large quantities of the water, and 
the determinations of the ordinary constituents are made 
in the way directed in analysis of Saratoga water. 

Sulphur Compounds. — The following extract from the 
Chem. JV^ewSj American Supplement, April, 1870, gives 
the method of determining the sulphur compounds : ' ' The 
method employed for determining the sulphur compounds 
was a modification of the one employed by Simmler in the 
analysis of the Stachelberg water, the account of which 
was published in ErdmanrC s Journal, Vol. LXX. The 
alterations introduced lessen to a great extent the amount 
of analytical work to be done at the spring. The follow- 
ing brief statement may prove of interest : 

^'1. In a glass-stoppered bottle, to one litre of water was 
added an excess of neutral solution of nitrate of silver. 

' ' 2. To another litre was added an excess of a solution of 
chloride of cadmium. 

' ' 3. Through a third litre pure hydrogen was transmitted 
until the gas, after passing through the water, no longer 
decolorized a dilute solution of iodide of starch. An ex- 
cess of a solution of chloride of cadmium was then 
added. 

* ' These three bottles were well agitated, securely sealed, 
and transported to the laboratory. Prom each, the precip- 
itate was filtered, washed, dissolved, and oxidized by 
fuming nitric acid and potassium chlorate, filtered, and 
the sulphuric acid determined in the filtrate with barium 
chloride. 

" No. 1. This precipitate contained the sulphur, existing 
in the form of sulphides and hyposulphites. 

'' No. 2. Contained the sulphur existing in the form of 
sulphides, including the free sulphuretted hydrogen. 

"No. 3. Contained the sulphur present in the form of 
sulphuretted sulphides. The difference between No. 3 
and No. 2 indicated the amount of sulphur as free sul- 
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phuretted hydrogen ; and by deducting No. 2 from No. 1, 
the amount of hyposulphites was ascertained. 

^•'In the original filtrate from No. 1, the sulphuric acid 
was determined, after removing the excess of silver by 
hydrochloric acid." 

The changes made in Simmler's method were suggested 
by Wm. H. Chandler. Bromine may be used instead of 
nitric acid and potassium chlorate in oxidizing the pre- 
cipitates containing sulphur. 



CHAPTER XXXIL 

SUPERPHOSPHATE OF LIHE. 

{For Agricultural Purposes.) 

It is so called from the fact that by treatment with acid 
the common tri-calcium phosphate (bone phosphate) is 
converted, according to the quantity of acid used, into 
either mono-calcium, or di-caJcium, phosphate. If a suf- 
ficient quantity of sulphuric acid, for instance, be used, all 
the calcium will be withdrawn, and only phosphoric acid 
be left. The treatment for the production of soluble phos- 
phate or superphosphate is represented by the following 
equation : 

Ca8(P04)2+2H„S04=2GaS04+CaH4(P04V 

This is theoretical, and is rarely carried out in the manu- 
facture of fertilizers. There is usually some bone phos- 
phate unconvert/ed, owing to the use of an insufficient 
quantity of acid. Suppose some tri-calcium phosphate to 
remain mixed with mono-calcium phosphate, and reaction 
to take place between them, as represented by the follow- 
ing equation : 

Ca8(P04)2+CaH4(P04)2=40aHP04. 

The result is a phosphate called by the names "re- 
turned," ''reduced," ''reverted," "precipitated." Tri- 
calcium or bone phosphate is insoluble in water, and di- 
calcium, or precipitated, very slowly soluble. Con- 
sequently, the value of the fertilizer depends chieiiy upon 
the quantity of soluble phosphate present. The sample 
should be thoroughly mixed to insure that the portion 
taken for analysis fairly represents the average quality. 

Commercial superphosphate of lime always contains 
more or less moisture, which may vary greatly on keeping 
the sample* To avoid error from this source, a portion 



198 SUPEEPIIOSPIIATE OF LIME. 

should be taken for the determination of moisture (by 
drying 1 gm. at 100° C, until it ceases to lose weight), at 
the same time that portions are weighed out for the deter- 
mination of the other constituents. Some chemists prefer 
to determine the moisture on a larger portion of the 
sample as received (up to 10 gms. or more) and then to dry 
half a pound or more of the sample on the water-bath, 
pulverizing and mixing it as it dries, and to use portions 
of the sample thus dried for determination of the moisture 
left, and for phosphoric acid, etc. (Stillwell, Proc Am. 
Chem. Soc.^ II., 64.) The results must be calculated back 
so as to show the composition of the moist sample (as 
received). 

There are two methods of determining the different phos- 
phates present in a fertilizer usually followed by chemists, 
as follows : 

jFirst Method. — ^Weigh 1 gm. of the superphosphate, 
transfer it to a shallow mortar, rub up with 50 c. c. of warm 
water (of a temperature of about 60° C), and pour the 
turbid fluid on a filter ; then add 50 c. c. more warm water, 
triturate again, and pour the water containing the finer 
particles of the material on the filter. Eepeat this treat- 
ment with 60 c. c. more warm water, pour aU the contents 
of the mortar on the filter, and wash with enough warm . 
water to make the volume of fluid equal to 200 c. c. There 
will now be a filtrate containing the soluble phosphoric 
acid, and a residue containing the insoluble and precipi- 
tated phosphoric acid. 

Soluble Phosphoric Acid. — To the filtrate containing 
the soluble phosphoric acid add 4 or 6 gms. of sodium 
nitrate, and the same quantity of sodium carbonate, evapo- 
rate to dryness, fuse to destroy the organic matter extracted 
by the water, the heat of an open Bunsen burner being 
sufficient, remove the fused mass from the crucible with 
hot water, boil, and filter, if necessary. As nearly all of 
the phosphoric acid in euperphosphates is soluble, and is 
consequently in this solution, dilute to 1 litre, and take 
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200 c. c, or one fifth of it, for phosphoric acid, to be 
determined by means of ammonium molybdate. 

The largest amount of phosphoric acid that can be 
present in pure bone phosphate is less than 46 per cent. 
As aU, however, is rarely converted into soluble phosphate, 
and as there is usually a large amount of other substances 
present, it may be safely assumed that 60 c. c. of ammo- 
nium molybdate solution, 1 c. c. of which will precipitate 
1.3 milligrammes of phosphoric acid, is sufficient in all cases 
to precipitate the soluble phosphoric acid in one fifth of 
a gm. of superphosphate. 

Precipitated Phosphoric Add. — ^Wash the residue con- 
taining the insoluble and precipitated phosphoric acid 
into a beaker, add a solution of 15 gms. of ammonium 
citrate in 50 c. c. of water (equivalent to sp. gr. I.Oj), warm: 
at a temperature of 60'' C. for three quarters of an hoar, fil- 
ter and wash with about 150 c. c. of water of 60*^ C. Treat 
the filtrate as before with nitrate and carbonate of sodium 
(4 or 5 gms. of each), evaporate to dryness, fuse, take up. 
with water, acidulate with nitric acid, boil, filter if neces- 
sary, and, as the amount of precipitated phosphoric acid is 
small, treat the whole solution with about 25 c. c. of am- 
monium molybdate solution, determining the phosphoric ^ 
acid as usual. 

Insoluble Phosphoric Add. — ^Fuse the residue left after^' 
extracting the soluble and precipitated phosphoric acid, 
with sodium nitrate and carbonate (4 or 6 gms. of each),, 
over a common Bunsen burner, remove the mass from the 
crucible with water and nitric acid, boil, and filter if neces^ 
sary. As the amount of insoluble phosphate is small, use 
all the solution for determining the phosphoric acid. Add. 
to the solution about 25 c. c. of ammonium molybdate solu- 
tion, and proceed as usual. 

Second Method. — A better method is the one adopted 
by a committee of German chemists and rei)orted by-Prese- 
nius, one of the number, in the Zdt. fur AtwI. Ghent. ^, 
Vol. VIL, p. 304. See also Am. Chem.^ October, 1871.. 
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Treat 1 gm. with water alone, as directed in first method, 
to dissolve out the soluble phosphate, and, after drying, 
fuse the residue with nitrate and carbonate of sodium 
(about 4 or 6 gms. of each), dissolve the fused mass 
with water and nitric acid, and treat the whole solu- 
tion for phosphoric acid, as in the first method, 
with ammonium molybdate. This will give the insol- 
uble andr precipitaied phosphoric acid. At the same 
time, treat another gm. with water and ammonium 
citrate, as in the first method, to remove the solu- 
ble and precipitated phosphoric acid, and fuse the dried 
residue as before. As the insoluble phosphoric acid is 
small in amount, determine it in the whole solution ao 
before. 

At the same time that the two portions are being treated 
for insoluble phosphoric acid, and for insoluble and pre- 
cipitated phosphoric acid (together), fuse another gm. of 
the superphosphate with nitrate and carbonate of sodium 
(5 gms. of each), bring into solution with water and nitric 
acid as before, dilute to 1 litre, and in 2C0 c. c. , equivalent 
to one fifth of agm., determine the total phosphoric acid. 

By deducting, from the amount cf total, the amount of 
insoluble and precipitated, that of soluble phosphoric acid 
is estimated. 

By deducting, from the amount of insoluble and precipi- 
tated, that of insoluble, the amount of precipitated phos- 
phoric acid is estimated. 

In cases where iron and aluminum are not present, phos- 
phoric acid may be determined volumetrically, by means 
of uranium, with sufficient accuracy for determining the 
value of superphosphate for fertilizing purposes. 

Solutions Required. — ^A solution of uranium acetate^ 
prepared by dissolving about 34 gms. in 1 litre of water. 

A solution of 10.085 gms. of pure crystallized hydro- 
disodium phosphate in 1 litre of water. The salt should 
be uneffloresced, coarsely powdered, and dried by pressing 
between folds of bibulous paper before weighing. 
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A solution of sodium acetate^ prepared by dissolving 
100 gms. of sodium acetate in water, adding 100 c. c. of 
acetic acid, and diluting to 1 litre. 

A solution of potassium ferrocyanide. 

Uranium Solution. — This is standardized by means of 
the sodium phosphate solution, of which 50 c. c. are in- 
troduced into a beaker, and heated to about 100° C. on a 
water-bath. 

After adding 6 c. c. of the sodium acetate solution, the 
uranium solution is run in from a burette, rapidly up to 
the amount of 15 c. c, and then, drop by drop (testing fre- 
quently by placing a drop of the sodium phosphate solu- 
tion on a white porcelain plate and adding a drop of the 
potassium ferrocyanide solution). As soon as the uranium 
is in excess, a reddish-brown coloration appears. The so- 
lution is then heated on a water-bath for a few minutes, 
and the test repeated. If the same reaction takes place, 
the titration is completed. The uranium solution should be 
of such a strength that 20 c. c. of it are equal to the 50 c. c. 
of phosphate solution. If this should not be the case, as 
the uranium solutionis purposely made too strong, dilute 
accordingly, and repeat the titration on another portion of 
the phosphate solution, to insure correctness. 

Analysis, — This is made under conditions as nearly sim- 
ilar as possible to those under which the standardising was 
performed. Add to the fluid to be examiaed, 5 c. c. of 
the sodium acetate solution, and proceed with the titration 
in the manner directed for standardizing the uranium solu- 
tioiL 

As 1 c. c. of the uranium solution is equivalent to 0.006 
gm. of phosphoric acid, the calculation of the amount in 
the solution under examination is very simple. 

(Jhlorine. — Digest 1 gm. with about 50 c. c. of water, 
filter, wash, make the filtrate alkaline with sodium carbon- 
ate, add a little sodium nitrate, evaporate to dryness, fuse 
gently, take up with water, and determine the chlorine 
volumetrically with standard silver nitrate solution. 
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SulpTiUTic Acid. — ^Make a solution of 1 gm. as for 
chlorine, acidulate with hydrochloric acid, and determine 
the sulphuric acid with barium chloride, as usual. 

Free Sulphuric Acid. — Make an aqueous solution of 
the superphosphate (1 or 2 gms.), evaporate slowly, until 
only a small quantity is left ; add about 7 volumes of 
absolute alcohol, and allow to settle in the cold for some 
hours. This precipitates all sulphates, and leaves in solu- 
tion, besides phosphates, the free sulphuric acid. PUter, 
wash with alcohol, add a large amount of water to the so- 
lution, carefxdly evaporate off the spirit, and estimate the 
acid in the solution in the usual manner by precipitation 
with barium chloride. (Crookes's Select Methods^ p. 312.) 

Moisture. — ^Dry 1 gm. to constant weight at a tempera- 
ture of 100^ C. 

Ammonia. — See analysis of guano. 

Alkalies. — ^Make a water solution of 2 or 3 gms. of the 
superphosphate, and determine the alkaUes as in the 
analysis of water. 

Ash. — Incinerate 4 or 5 gms. of the superphosphate 
until all carbonaceous matter is consumed, cool, and 
weigh. If the a^h is not of a light color, and free from 
all black specks, repeat the ignition and weighing. 

For a method of making an exhaustive analysis of 
superphosphate, consult Fres., Quarit. Anal.y § 235. 
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REPORT. 



Soluble phosphoric acid. 

Precipitated phosphoric acid , 

Total available phosphoric acid (P^O,)* 

Equivalent to bone phosphate [CajCPO^),]*. 



Insoluble phosphoric acid « 

Equivalent to bone phosphate 

Total phosphoric acid 

Equivalent to bone phosphate 

Nitrogen 

Equivalent to ammonia (NH,) 

Potash (Kj|0) ....... 

Equivalent to potassium sulphate (K^SO^). « 

Soda(Na,0) 

Equivalent to sodium sulphate (NasS04) 

Water ; 

*1 gm. PaOffis equivalent to 2.1881 gms. Ca3(P04)a, as will be found by 
stoichiometrical calculation. The factor is a convenient one to nse in calculating 
results in this analysis or in that of guana 



CHAPTER XXXm 

MILK. 

The constituents are water, sugar, casein, and ash or 
mineral salts. 

Weigh a small platinum dish ; then add a 5-gm. weight 
to those on the pan, and run in from a pipette enough 
milk to weigh a few milligrammes over 6 gms. , determine 
the exact weight as quickly as possible and proceed. 

Water. — ^Evaporate over a water-bath, until the Tnilk 
solids look dry ; then dry in an air-bath at 100^ to 105° C. 
for one to one and a half hours, weigh, and dry again, for 
one half to three quarters of an hour, and weigh again. 
Repeat this treatment until the loss is less than 6 milli- 
grammes. 

Long heating should be avoided, as far as possible, as 
the sugar is apt to decompose and affect the results. 

Fat, — ^Weigh a small beaker and have ready a water- 
bath full of boiling water. Pour about 10 c. c. of ether on 
the milk solids, allow it to soak into the solids for a few 
minutes, place the dish on the water-bath, and keep it 
there until the ether boils. Then, after drying the bottom 
of the dish with bibulous pai)er, pour the ether into the 
weighed beaker, by means of a glass rod. If the milk 
solids flake off from the dish and become stirred up in the 
ether, a little care will suffice to prevent their being 
carried over into the beaker, as they sink rapidly in the 
ether. Repeat this treatment with ether about 6 times. 
Cover the beaker with a piece of filter-paper, and evaporate 
off the ether over hot water, being careful to have no flame 
near the beaker. When the ether is all gone, dry the 
beaker in an air-bath at 100° to 105° C, for about 15 
minutes. The residue is hutter-faL Should it contain 
any water, this should be driven off at as low a tempera- 
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tnre as possible, that is, on a water-bath rather than in an 
air-bath. The milk solids, after treatment with ether, re- 
quire about 30 minutes' drying at 100° to 105° C. after the 
ether is all gone. When water is present, the direct 
determination gives results a little low, as the expulsion of 
the water appears to cause some decomposition of the 
butter, making the color dark, and giving it a peculiar 
odor. The determination by direct weight of the butter 
and that by loss seldom agree exactly, but usually within 
5 milligrammes or less. 

Sugar. — After extracting the butter and expelling the 
ether, nearly fill the dish with water, place it on a boiling- 
water bath, leave it there for about 20 minutes, pour off 
the water into a previously weighed dish of similar size, 
and place this also on a vrater-bath to evaporate. Repeat 
this treatment with water 4 or 6 times. After the contents 
of the dishes appear dry, leave them in an air-bath, heated 
to 100° C, for about 2 hours, cool, and weigh them. If the 
loss and direct weight agree, further drying is unnecessary ; 
otherwise, dry and weigh again. This gives the sugar and 
some soluble mineral salts. 

Ash of Sugar. — ^Ignite the dish containing the sugar at 
as low a temperature as possible, to avoid the loss of salts 
volatile at high temperature, such as potassium chloride, 
etc. The residue is the ash of sugar, and the loss by ig- 
nition, sugar. 

Casein. —After extracting the sugar, the residue left in 
the dish is casein, and some insoluble mineral salts. 

Ash of Casein. — lignite the dish containing the casein, 
cool, and weigh. The residue will be ash of casein, and 
the loss by ignition casein. 

Ash or Mineral Salts. — Combine the weights of ash of 
sugar and ash of casein. The sum will be the ash or 
mineral salts. 

For most purposes, the determination of water and 
butter is sufficient, giving water, butter, and solids, not 
fac 
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The British Society of Public Analysts fixes on maximxim 
water as 88.5 per cent, and minimum butter as 2.5 per 
cent, and solids, not fat, as 9 per cent. {Ohem. News^ 
XXXL, p, 68, 1876.) 









CHAPTEB XXXIV. 

ACIDIMETRY AND ALKALIMETRY. 

The solutiotis usually employed are of sulphuric acid, 
hydrochloric acid, oxalic acid, sodium or potassium hy- 
drate, and also of some substance which is colored differ- 
ently by acids and alkalies, such as litmus, cochineal, 
coralline, logwood, etc. 

A solution is styled normal when the molecular weight 
of the substance is the same as the number of milli- 
grammes of it in 1 c. c. of the solution. 

Half-Normal Sulphur io Acid. — This solution is pre^ 
pared so as to contain 0.049 gm. H8SO4, or 0.040 gm. SOa, 
in each c. c. To 600 c. c. of water add about 20 c. c. of 
chemically pure concentrated sulphuric acid, mix well, 
and allow to cool. Measure out from the burette two por- 
tions of exactly 20 c. c, add to each portion 60 c. c. of hot 
water, and 40 c. c. of a saturated solution of barium 
chloride. Treat the precipitates of barium sulphate, and 
determine th^ sulphuric acid. If the precipitates do 
not differ in weight more than 0.010 gm., take the average, 
calculate the sulphuric acid in 1 c. c. of the solution and 
dilute, as directed afterward. 

Another method is as follows : 

Intr<iduce about 3 gms. of dry C. P. sodium carbonate 
into aVeighed platinum dish, heat to 180^ C , or just be- 
low redness, for a few minutes, cool, and weigh, repeating 
to constant weight. This gives the weight of the sodium 
carbonate. Then add to the contents of the dish about 
30 c. c. of water, warm until the sodium carbonate is dis- 
solved, run in from a burette 20 c. c. of the sulphuric acid 
solution, keeping the dish covered while doing so, heat on 
a water-bath, with the cover on, until all free carbonic acid 
is expelled ; then remove the cover, after washing it and 



208 ACIDIMETBY AND ALKALIMETRY. 

allowing the washings to run into the dish, continue the 
evaporation to perfect dryness, heat, as in the first 
instance, to constant weight, either in an air-bath at 180® 
C , which is the better plan, or over an open flame, at a 
heat just below redness. The increase in weight is propor- 
tional to the amount of sulphuric acid used, so long as 
there is an excess of sodium carbonate over acid. 

The calculation of the value of the solution is made by 
tlje following proportion : The difference between the 
molecular weights of sulphuric acid and carbonic acid 
(36) Is to the molecular weight of sulphuric acid (98) as 
the difference in the weights of dish and contents, before 
and after adding sulphuric acid, is to the weight of sul- 
phuric acid used, and as 20 c. c. of sulphuric acid were 
used, this result divided by 20 will give the value of 1 c. c. 
of the acid. 

It is customary to calculate the result in terms of SOa 
instead of H2SO4. Suppose it is found by the experiment, 
that 1 c. c. of the solution contains 0.044 gm. of SOa instead 
of 0.040 gm., and, consequently, 100c. c. contain 4. 400 gms. 
instead of 4 gms., then as 4 gms. are to 100 c. c. so are 4.4 
gms. to 110 c. c. Therefore, 10 c. c. of water must be added 
to each 100 c. c. of the acid solution. To do this, fill a dry 
500 c. c. flask to the holding mark with the acid solution, 
pour it into a clean dry bottle, introduce into the flask 50 
c. c. of water, and pour this also into the bottle, after 
shaking well, pour the fluid back into the flask, and 
finally into the bottle for use. This is done to mix the 
fluid thoroughly. The bottle should be kept corked. 
This is what is called half -normal sulphuric acid solution, 
1 c. c. of which contains 49 milligrammes of H2SO4, or 40 
miUigrammes of SOg. 

A solution of sodium carbonate may be used to obtain 
the solution of half normal sulphuric acid, thus : Heat a 
moderate amount of pure dry sodium carbonate in a plat- 
inum dish, until it begins to sinter together. Transfer, 
while hot, to a dry si)ecimen tube or flask ; cork it up and 
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allow the salt to cool out of contact with the air. With 
this material make a half normal solution (53 grammes 
in 1 litre, or 26.5 grammes in 500 c. c, etc.). Mix the 
solution well and place somo in a burette. Do the 
same for the sulphuric acid solution made as first de- 
scribed. Run 10 c. c. of the sodium carbonate solu- 
tion into a beaker, add to it 10 c. c. of the sulphuric 
acid, or enough to render it acid, and boil to expel 
the carbon dioxide, which would otherwise affect the 
indicator and thus interfere. Then add a few drops 
of the indicator (cochineal is preferable in this case) 
and run in the sodium carbonate solution until the 
color shows that the solution is neutral. From the 
data thus obtained, calculate the amount of dilution re- 
quired for the sulphuric acid \e. g.^ suppose 10 a c. so- 
dium carbonate solution were used at first — then 10 c. c. 
sulphuric acid, and..Jaally, after boiling, 2.3 c. c. sodium 
carbonate to ^Eect neutrality, as shown by the color 
imparted by the indicator. Then 10 c. c. of the sulphuric 
acid neutralizes (10 + 2.3) 12.3 c. c. sodium carbonate 
solution. But the sulphuric acid should be half normal, 
or neqjtralize the sodium carbonate c. c. for c. c. There- 
fore 12.3 c. c. sulphuric acid ought to have been used if 
the solution was of tho right strength ; or, every 100 c. c. 
of the acid solution should bo diluted to 123 c. c. 

Measure the amount of the diluted acid on hand, dilute 
in the proportion indicated, rinse out the burette, mix well, 
and repeat the test in the same way, diluting again if 
necessary, until th3 solutions correspond exactly. The 
accuracy of the sulphuric acid solution should finally be 
verified gravimetrically by precipitation with barium 
chloride solution, etc. 

Normal Potassium Hydrate. — This solution is pre- 
pared so a^ to contain 0.0561 gm. of potassium hydrate, 
(KHO) or 0.0471 gm. of potassium oxide (KgO.) 

Dissolve about 20 gms. of potassium hydrate in 300 c. c. 
of water, and when dissolved fill a Mohr burette with the 
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solution to the zero mark, and run it, drop by drop, into 
a beaker containing 10 c. c. of the standardized sulphuric 
acid diluted to 200 c. c, and also a little cochineal solu- 
tion* Continue to add the alkaline solution untU the 
yellow color, which is the color produced upon cochineal 
by acid, becomes carmine, showing that the fluid has 
become alkaline. Bepeat upon different quantities of 
acid. The color imj^axted to any number of c. c. of the 
sulphuric acid solution, by the cochineal, should change 
upon the addition of exactly the same quantity of alka- 
line solution. If it does not, the potassium hydrate solu- 
tion must be diluted until the two solutions agree. Sup- 
pose it is found by experiment that 10 c. c. of the acid so- 
lution requires only 8 c. c. of the alkaline, then, to every 
8 c. c, 2 c. c. of water must be added, or to each 100 c. c. 
of solution 25 c. c. of water. Employ the same method of 
diluting and mixing as in the case of standard sulphuric 
acid. Now, if 1 c. c. of the solution of potassium hydrate 
exactly neutralizes 1 c. c. of the solution of sulphuric 
acid, the quantity of KgO and SOs must be exactly in pro- 
I)ortion to their molecular weights, and as each c. c. of the 
acid solution was found to contain 0.040 gm. of SOs, 
ea^h c. c. of the alkaline solution must contain 0.0471 gms. 
of K«0, as 80 parts of SOs are neutralized by 94.2 parts of 
kA or 0.040 gm. of SOs by 0.0471 gm. of KgO. It is some^- 
times convenient to use potash lye of unknown strength 
for the preparation of the standard alkaline solution, in 
which case the quantity of alkali in a given volume can be 
determined approximately by finding the specific gravity 
of the lye with a hydrometer, and calculating the per cent 
of alkali by reference to the table in the Apperidix, which 
gives the per cent of KgO in solutions of diflferent specific 
gravities. 

Indicators. — ^The coloring matters used to show when 
the fluid is acid or alkaline are so called. Although a 
great many have been prepared, only a few are in common 
use: 
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litmus : To prepare this, Sutton directs to boil the lit- 
mus, reduced to coarse powder, two or three times with 
alcohol of about 80 per cent, and throw the liquid so 
obtained away. Then digest the litmus repeatedly with 
cold water until all soluble color is extracted, let the mixed 
washings settle clear, decant, and add to them a few drops 
of concentrated sulphuric acid until quite red, then heat 
to boiUng ; this will decomix)se the alkaline carbonates 
and convert them into sulphates. Now cautiously add 
baryta water untU the color is restored to blue or violet, 
let the barium sulphate settle perfectly, and decant into a 
proi)er vessel for use. The solution must be kept in an 
open bottle, as it loses color in a closed vessel, although 
it wiU recover it upon exposure. Litmus cannot be used 
in the presence of carbonic acid ; consequently, the standard 
alkali, if litmus is used as the indicator, must be entirely 
free from it. 

Cochineal : Macerate, with frequent shaking, about 3 
gms. of good cochineal (in powder) with 260 c. c. of a mix- 
ture of 8 or 4 volumes of distilled water, and 1 volume of 
alcohol, and filter through Swedish paper. It keeps well 
in closed bottles. It cannot be used in the presence of 
salts of iron, but is not affected by carbonic acid — ^at least, 
in moderate quantity. 

Logwood : Boil down a few shavings from the interior 
of a piece of logwood with distilled water, and mix the 
concentrated decoction with 1 to 2 volumes of alcohol. It 
must be kept unexposed to light. It cannot be used in 
presence of oxides of the heavy metals. 

Coralline: An alcoholic solution of this is extremely 
sensitive, and rapid as an indicator, and is X)axticularly 
well adapted to the titration of vinegar and organic adds 
generally. * • 

N(yrmal Sydrochloric Acid. — Mix 600 c. c. of water 
with 100 c. c. of pure hydrochloric acid of 1.12 sp. gr., run 
out from a burette 2 portions of exactly 20 c. c. each, and 
determine the amount of hydrochloric acid in- eaoh, with 
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silver nitrate, as directed in the analysis of barium chloride. 

If the two results agree closely, take the mean, calculate 

the amount of water necessary to make the solution of 

such a strength that 1 c. c. will contain 0.03646 gm. of 

hydrochloric acid. If a normal solution of potassium 

f^ ^ hydrate is at hand, also test a portion of the solution with 

. . . t f * ' It. The solutions should agree. 

^^^o^^H^ HaJf'N(yrmal Oxalic jlciVZ.— Dissolve 63 gms. of pure 

crystallized oxalic acid in 1 litre of water and standardize 
the solution by titrating a portion of it with standardized 
potassium hydrate solution, or standardized potassium 
permanganate solution. 

These standard solutions may be kept in well-closed bot- 
tles for some time without appreciable change. Glass- 
stoppered bottles should be used for the acid solutions. 
The bottles containing the alkaline solutions should be 
closed with tightly-fitting corks which have been dip- 
ped in melted parafflne. 

These standard alkalimetric and acidimetric solutions 
find application in many of the processes of quantitative 
analysis, which it would be here unnecessaiy to specify. 
As samples of their application we will take the titration 
of crude sodium carbonate and the determination of the 
a<5idity of vinegar. 

Crude Sodium Oarhorvate. — ^Weigh out 5.3 gms. of the 
sample (= one twentieth of an equivalent of NagCOa), dis- 
solve in a little hot water, filter, and wash the residue, 
bringing the bulk of filtrate and washings up to 100 c. c. 
Thoroughly mix this solution by pouring it backward and 
forward a few times from the fiask to the beaker. Then 
take 10 c. c. of the solution, run in 10 c. c. of the half- 
normal sulphuric acid solution, dilute with about 40 c. c. 
of water, boil to expel excess of carbonic acid, add a few 
drops of cochineal, and then run into it normal potassio 
hydrate solution until the solution is exactly neutral. 
Bepeat the operation with 2 or 3 other portions of 10 c. c. 
each, and take the average. The number of c. c. of sul- 
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pliTirio acid solution which have been neutralized by the 
solution of the sample, multiplied by 10, give at once the 
percentage of NagCOs present in the sample, since one 
twentieth of an equivalent of that compound was taken, 
and half -normal acid was used. We might have taken a 
round 5 gmg., but in that case an unnecessary elabo- 
ration is introduced into the calculation. 

This method of weighing out one tenth or one twentieth 
of an equivalent in gms. of a substance, dissolving to 100 
c. c, and titering portions thereof, is usually the most 
convenient mode of procedure. In some cases, it may be 
convenient to make a one-twentieth normal solution of sul- 
phuric acid, or of potassium hydrate to correspond. 

For vinegar, weigh out in a stoppered flask 60 gms. of 
the vinegar, dilute to 1000 c. c. (or 30 gms., and dilute to 
600 c. c), mix thoroughly, and take 100 c. c. at a tune for 
titration with the potassium hydrate solution. In this case, 
it is best to use coralline as an indicator, since the cochi- 
neal does not show a sufficiently marked deviation from the 
neutral tint, when only small amounts of free acetic acid 
are present. The number of c. c. of potassium hydrate 
solution required just to give ^fvZl oXkaliTi^ color, show 
the percentage of acetic acid present, since in this case an 
equivalent of acetic acid was weighed out, the percentage 
of acetic acid being usually small (about 3 to 10 per cent). 

In commerce, vinegars are often spoken of as ' ' twenty 
grain," ^'thirty grain," ^' forty grain," etc. This means 
that one Troy ounce of the vinegar will exactly neutralize 
20, 30, 40, etc., grains of potassium bicarbonate (KHCOa), 
and usually dealers desire to have the results expressed 
in this form. In such cases, it is easy to calculate, from 
the figures obtained, the number of grains of potassium 
hydrogen carbpnate (bicarbonat/e) necessary to neutralize 
a Troy ounce by multiplying the percentage obtained by 
8.008. The reason for employing this factor is that there 
are 480 grains in a Troy ounce, and the number of grains 

* Neutral alkaline acetates baye a slight alkaline reaction. 
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of KHCOs necessary to neutralize 480 grains of pure acetic 
acid is found to bo 800.8 by the following proportion : 

(HCaHsOa : KHCO9 =)60 : 100.1=480 : 800.8. 

The decimal place is changed two points in the factor 
because the figure expressing percentage is 100 times too 
great, being expressed as a whole number, instead of what 
it really is, parts in 100. Supx)Ose, for instance, the per- 
centage found to be 6.5 ; then 6.5 X 8.008 = 52.053 grains 
of KHCO3 required to neutralize one Troy ounce. It is 
always best to verify the result by weighing out a Troy 
ounce (31.100 gms.), adding to it an amount of potassium 
hydrogen carbonate corresponding to the number of 
grains found (having determined the strength thereof by 
titration beforehand), boiling and testing the reaction of 
the solution, which should be just alkaline. If it is not, 
the test must be repeated. 

On account of the strong color of some vinegars, which 
prevents one from seeing the change of color in the in- 
dicator, some analysts prefer to distill the acetic acid oflf, 
and obtain a clear solution for titration {md. Blyth, 
Manual of Practical Chem.j p. 210.) Of course, when it 
is desirable to know only the weight of acid in a given 
bulk of solution, as number of ounces in 1 gallon, the acid 
may be measured out, and diluted to any convenient 
strength, and aliquot portions taken for titration. 



CHAPTER XXXV. 

COMMERCIAL BICARBONATE OF SODA* 

NaHCO^. . 

Moisture. — Weigh out 1 gm. in a platinum boat, and 
place the boat and contents in the centre of a piece of hard 
glass tubing about 8 or 10 inches long. Connect the tub- 
ing at one end, by means of a tightly-fitting tube and cork, 
with a bottle containing concentrated sulphuric acid to dry 
the air drawn through it, and at the other end with a cal- 
cium, chloride tube, previously weighed and prepared by 
passing COg through it as previously described. (Lime- 
stone, p. 59 ; Elementary Analysis of Sugar, p. 230.) The 
point of the calcium chloride tube should be passed 
through the cork, as a connection of rubber tubing is very 
likely to condense the water driven off, which is drawn 
into the tube then only with difficulty. The other end of 
the calcium chloride tube is then connected with an 
aspirator. Start the aspirator, and then apply the heat of 
a Bunsen lamp to the tubing where the boat lies. Raise 
the heat steadily until the tube about it is red hot. Keep 
it at that temperature for fifteen minutes or more. Then 
withdraw the heat and allow it to cool, still keeping the 
aspirator at work, until the tubing and calcium chloride 
tube are cool. Weigh the calcium chloride tube. The in- 
crease in weight is the moisture present in the sample. 
Withdraw the boat, and weigh it with its contents. The 
loss represents water plus half the carbon dioxide. This 
should be one half the amount of the carbon dioxide as 
determined afterward. 

Carbon Dioxide. — Introduce 0.6 gm. into the flask of a 
carbon dioxide apparatus, and 25 c. c. water containing 2 
c. c. concentrated sulphuric acid, or 6 c. c. concentrated 
nitric acid, and determine the COs as usual in carbonates. 
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by absorption in a tube of soda-lime, etc. (See Limestone, 
p. 59.) 

Hygroscopic Moisture. — ^Dry 1 or 2 gms. in the air-bath 
at 100® C. to constant weight. The loss represents hygro- 
scopic moisture. This, deducted from total water deter- 
mined as above, gives water due to NaHCOs. Also, from 
the percentage of CO^ calculate the water due to NaHCOa. 
These two results should agree — 

2NaHCOs=NasO+H20+2C02. 

Soda Combined as Carbonate. — ^Dissolve 1 gm. in about 
100 c. c. of water, add cochineal solution, and then run in 
from a burette an excess of standard sulphuric acid solu- 
tion. (Alkalimetry, p. 207.) Boil out the carbon dioxide, 
and titre back with standard potash solution, and from 
these results calculate the amount of Na^^O combined as 
carbonate. 

Chloride. — ^Dissolve 1 gm. in 100 c. c. of water, just neu- 
tralize with HNOs, add a few drops of saturated solution 
of potassium chromate, (1 : 5) and titre with, standard solu- 
tion of silver nitrate. The silver nitrate solution is made 
by dissolving 17 gms. pure crystallized AgNOs in one litre 
of water. It is standardized by testing it upon a solution 
of pure fused sodium chloride* containing 1 gm. in 
250 c. c. of water. The potassium chromate is used as an 
indicator, since the red silver chromate cannot form (per- 
manently) until all of the chloride has been precipitated. 
The silver solution is, therefore, added until the liquid has 
a reddish tinge, which cannot be removed by vigorous 
stirring. 

Sulphate. — ^Dissolve 3 or 4 gms. in water, acidulate 
slightly with hydrochloric acid, boil out the carbon di- 
oxide, and determine 80$ as usual with BaClg. 

Calculation : Calculate the CI to NaCl, the SOg to 

^Most oonyeniently prepared by neutralizing' pure sodium eaHK>nate with 
hjdrochlorio acid, evaporating to drynees and fusing. All ordinary salt (table 
salt) contains small amounts of sulphates, chiefly calcium and magnesium^ and 
other impurities^ which cannot be separated without some trouble.— R W. 
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NagSO* The Na^O found by alkalimetrical titration repre- 
sents that combined as carbonate — mono or bi-Hsince the 
neutral NaCl and Na2S04 have no eflfect. 

For calculating the amount of mono- and bicarbonate 

present let us take an example. Supx)ose we have found 

in a sample : 

Total CO2, 50.462 per cent; total Na^O, 37.894 per cent. 

First calculate the soda to CO2 for monocarbonate 

(NaaO+GOj = Na^COs)— ^; 

then, (Na^O : CO2 =) 62 : 44 =37,894 : a?, 

ari = 26.892 008. 
By subtracting this from the total CO2 we obtain the 
excess of CO2 due to bicarbonate, 50.462 — 26,892 = 23.570 
CO2. This represents just half of the CO2 of the bicarbon- 
ate, since 2NaHCOs = (Na20+C02)+(H20+C02)— A 

By doubling it, then, we get the whole amount of CO2 
due to bicarbonate present in the sample. 

2X23.570 = 47.140 CO,- 
Calculate this to bicarbonate : 

(CO2 : NaHCOa =) 44 : 84 = 47.140 : x^. 
x^ = 89.995 per cent bicarbonate present. 
Calculate it also to Na^O. In the formula By given above, 
2CO2 balance one Na^O ; therefore, 

(2CO2 : Na20=) 88 : 62 = 47.14 : a^. 
Xz = 33.212 Na20 in bicarbonate. 
The remainder of the NagO found (37.894—33.212 = 
4.682) is present as monocarbonate. 
Calculate acoordingly : 

(Na^O : Na«CQ8=) 62 : 106 = 4.682 : x^ 
x^ = 8.004 i)er cent of TMmocarbmiate present. 
To verify the calculation : 

CO, due to bicarbonate (a;,) 47.140 per cent 

CO, due to monocarbonate (a;^ — 4.682) « 8.82d '< << 

TotalCO, 50.4ed « " 



I 



CHAPTER XXXYI. 

CHLOEIMETRY. 

Bleaching powder, commercially known as chloride of 
lime, consists of a mixture, according to some a combina- 
tion, of calcinm hypochlorite, CaCl209 and calcium 
chloride, CaCl2. Its value dei)ends ui)on the amount of 
chlorine set free when an acid is added, known as ''arail- 
able chlorine,'' e. g. : 

Ca(C10)8,CaCl8 + 2H9SO4 = 2CaS04 + 2H,0 + CI4. 
Ca(C10)2,CaCl2 + 4HC1 = 2CaCla + 2HsO + CI4. 

The available chlorine of bleaching powder is two 
atoms of CI for each atom of O in the hypochlorite, or, as 
the formula indicates, O9 and CI4. 

The compounds known commercially as chloride of soda 
(Labarraque's solution) and chloride of potash (Javelle 
water) are similar in composition (NaC10,NaCl) and 
(KC10,KC1), and are the same as regards the ratio of O 
and CI. 

^'Iodized Starch^^ Paper. — ^Rub up in a mortar 3gms. 
starch with 60 c. c. warm water, wash the creamy mixture 
into a beaker containing about 200 c. c. boiling water, 
stirring well until solution is effected. Now add a solu- 
tion of 1 gm. ]KI and 1 gm. pure NagCOs, and dilute to 
half a litre. Moisten strips of filter-paper with this solu- 
tion, and dry them for use, keeping them in a corked or 
stoppered bottle. 

Arsenious Add Solution. — ^Weigh out 4.95 gms. pure 
pulverized white arsenic (AsaOa), transfer to a litre flask 
add about 26 gms. pure crystallized sodium carbonate, 
and 200 c. c. water. Boil gently, with frequent shaking 
until all is dissolved, cool, and dilute up to the litre 
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mark. One c. c. of this solution corresponds to 0.00355 
available CI, as may be seen from the following : 

AsaOa + CaClaOzjCaClg = AS2O5 + SCaClg. 

The four atoms of available chlorine in the bleaching 

powder correspond to the two atoms of O taken up by the 

AsaOs. 

Molecular weight of AsaOg = 198 

Molecular weight of 01^ = 142. 

Since 1 c. c. of the arsenious solution contains 

4. 950 gms. taken 

0.00495 gm. A82O3 = — . , ,.^ ; then, 

1000 c. 0. in 1 litre 

198 : 142 = 0.00495 : 0.00355. 

Analysis. — Weigh out 10 gms. of the bleaching powder, 
transfer to a mortar, add 50 or 60 c. c. of water, and rub to 
a cream. AUow the heavier particles to subside, decant 
the turbid supernatant fluid, add more water, rub up 
again, and continue thus until all the powder has been 
transferred to a litre flask. Pill the flask up to the mark, 
pour the contents into a beaker, mix it well, and take 
out 50 c. c. at a time for the analysis. The solution will 
always remain turbid, but this cannot be avoided, and does 
not interfere with the accuracy of the results, provided it 
is uniformly mixed. Into the 50 c. c. taken, run the 
arsenious solution, from a burette, until a drop of the 
solution taken out on a rod no longer produces a blue spot 
on the iodized starch paper, which has been previously 
moistened and spread out upon a white plate. 

The calculation is readily made. Fifty c. c. of bleaching 
powder solution, made in the way described, is equivalent 
to 0.5 gm. Suppose this takes 46 c. c. of the arsenious so- 
lution. Since 1 c. c. arsenious sol. = 0. 00355 gm. available 
CI, 45 c. c. = (45 X 0.00355) = 0.15975 gm. available CI. 

If then 0.5 gm. bleaching powder = 0.15976 gm. CI, 
1 gm. = 0.3195 gm., 

or the bleaching powder contains 31.95 per cent of avail- 
able chlorine. 
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GHLORIKETBY (iBON METHOD). 

Weigh ont 10 gms. bleaching i)owder, place in a mortar, 
add 60 or 00 c, c. water, rub to a cream, allow the coarser 
particles to settle, pour oflf the turbid supernatant fluid 
into a litre flask, add more water, rub again, etc., until all 
the i)owder has been transferred to the flask, flll up to the 
mark, pour the solution into a beaker, and mix well ; take 
out 50 c. c. for the analysis. 

Weigh out in the meantime 0.326 gm. piano-forte wire 
(= 0.324 gm. Fe) and dissolve it in 2 c. c. cone. HgSO* 
diluted with 10 c. c. water in a small valved flask. Cool, 
fill the flask with cold water, and pour into a large beaker. 
Now add 60 c. c. of the turbid bleaching powder solution, 
pouring it in slowly, stirring all the time. DUute to about 
600 c. c. Then, by means of a standardized solution of po- 
tassium permanganate (prepared as described under Am- 
monio Ferric Sulphate, p. 42), determine the amount of 
iron still remaining in the ferrous form. 

The reaction is : 

4FeS04+Ca(C10)2, CaCl8+2Hj^04 
= 2Fe2(S04)8+2CaCla+2HjjO ; 
or four atoms Fe correspond to four atoms CI, 66 -parts Fe 
equivalent to 86.6 parts CI. 

The mode of calculating results is best shown by example. 

Suppose 1 c. c. of the permanganate was equivalent to 
0.003 gm. Fe, and that it took 23.8 c. c. of that solution to 
oxidize the ferrous iron not acted upon by the bleach- 
ing powder used, in an amount equivalent to 0.6 gm. 
23.8 c. c. permanganate corresi)ond to (23.8 X 0.003) or 
0.0114 gm. Fe remaining unoxidized. Then 0.324 (Fe 
taken) — - 0.0714 (Fe unoxidized) = 0.2666 gm. Fe oxi- 
dized by bleaching powder. Since 66 parts Fe correspond 
to 36.6 parts CI, we have the proportion : 

66 : 36.6 = 0.2666 : 0.1601 gm. available CI. 

0.6 gm. bleaching po vder contains 0.1601 available CI 

1 gm. contains 32.02, 

or 32.02 per cent available CI. 
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ACETATE or LIME. 

The "best method of analysis consists in distilling a 
weighed quantity of the sample repeatedly with excess 
of hydrochloric acid, and in the distillate determining the 
acidity, and, since some of the hydrochloric acid distills 
over, that must also be determined and substracted from 
the amount of acid found. (Fres., ZeiUchrift^ V., 316.) 

The process is as follows : 

Weigh out 10 gms. of the sample, wash it into a small 
retort with 30 c. c. of wiater, connect the retort with a good 
Liebig condenser, add 8 c. c. hydrochloric acid, and distiU 
to small bulk. Then add 30 c. c. of water, and distUl 
again. Repeat this operation at least once more. Com- 
bine all the distillates and make the volume up to 500 c. c. 
By this time, you wiU have all the acetic acid from the 
sample as acid in the distillate. Take two portions of 100 
c. c. each from the distillate. In one portion (representing 
2 gms. of the sample), determine the acidity by titration 
with normal potassium hydrate solution. The result 
would show the amount of acetic acid obtainable from 3 
gms. of the sample, were it not that some of the hydro- 
chloric acid used has also distilled over. Therefore, in the 
other 100 c. c. we must determine the amount of hydro- 
chloric acid present. For this we use the tenth normal 
argentic nitrate solution (volumetric). The solution must, 
however, be first rendered neutral. For this purpose we 
use pure calcium carbonate in excess, which must be cai*e- 
f ully tested for chlorides, none of which, of course, should 
be present. About 6 gms. of calcium carbonate will be 
amply sufficient. Stir it in well, warm up the solution, 
add a few drops of potassium chromate, and test with the 
tenth normal silver nitrate solution as described (p. 216). 
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Since we use a tenth normal solation, divide the number 
of 0. 0. used by 10, and then subtract the result from the 
number of c. c. of normal i)otassium hydrate solution 
used. The remainder gives the number of c. c. of potas- 
sium hydrate solution neutralized by the acetic acid from 
3 gms, of the sample. From this, the amount of acetic 
acid and percentage of pure acetate of lime present can be 
readily calculated. 
For example, suppose 
100 c. c. of distillate neutralized 19.9 c, c. normal KHO, 
and 100 c, c. ' ' " " 5 c, c. tenth n. AgNOg. 

Then, 19.9 — 0,5=19.4 c. c. normal KHO neutralized by 

the acetic acid from 2 gms. of the sample, 
19.9 X 0.06 (equivalent, of HCaHaOa = 60) = 1.194 gms. of 
acetic acid in 2 gms. of the sample, 
1.194 X 5 = 5.97 gms. acetic acid in 10 gms. of sample, 
or X 60 = 59.7 '' " " in 100 '-' '' '' 

Then (2HC8H808 : CaCaHaOg)^ =) 120 : 168 = 59.7 : ar. 
(B = 78. 605 per cent CaCCaHaOa)^ in the sample. 
(For other methods, seeFres., ZeiUchrifty XIIL, 153, and 
Am. Chem., VL, 294) 
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GUAKO. 

Phosphoric Acid. — ^Puse 1 gm. with 5 gms. sodium car- 
bonate, and 5 gms. nitrate in a platinum crucible over a 
Bunsen burner, removing the flame as soon as the fusion 
is complete, which should be in about half an hour. 
Remove the contents of the crucible with hot water, 
acidulate with nitric acid, and boil. The crucible can be 
cleaned with dilute nitric acid without injury. Filter out 
any siliceous residue which may remain undissolved, dilute 
the solution up to 1 litre, and determine phosphoric 
acid in one fifth (200 c. c.) by means of ammonium molyb- 
date, as usual, using about 50 c. c of the molybdate solu- 
tion. 

Ammonia.— To determine the ammonia or nitrogen, 
select a tube of hard glass, 15 or 18 inches long, draw one 
end of it to a fine point, and to the other end fit tightly a 
cork, through which is passed a tube bent at right angles, 
the other end of which passes through a cork closing 
tightly one arm of a bulbed U-tube. Into the combustion- 
tube first slip a loosely-fitting plug of asbestos previously 
ignited, and then some three or four inches of dry soda 
lime. Weigh out 1 gm. of the guano, pulverize coarsely 
some of the soda-lime in a mortar, mix this soda-lime with 
the guano, and introduce the mixture into the combustion- 
tube. Enough soda-lime must be taken to make the 
charge fill the tube to within three or four inches of the 
open end. Then fill up with soda-lime to within about 
an inch of the end, place another plug of ignited asbestos 
at the ^nd, and close with the cork carrying the tube. 

Now run into the bulbed U-tube 10 c. c. of half -normal 
sulphuric acid from a burette, adjust the cork carrying 
the connection to the combustion-tube, and lay the com- 
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bnstion-tnbe in the trough of the combustion-fumace, sup- 
porting the bulb-tube by a clamp. Begin to heat at the 
forward end (nearest the cork), and get the soda-lime, 
which is unmixed with the charge, white hot before the 
heat is applied to the charge mixed with the guano. Then 
carry the heat slowly back until the entire contents of the 
tube are at a white heat. Avoid, however, heating the end 
which is drawn to a point, lest the pressure in the tube 
cause it to blow out. Keep up the heat until no more 
bubbles of gas are forced through the acid in the bulb- 
tube. Then connect the other limb of the bulb-tube with 
an aspirator, start the aspirator slowly, and then break 
oflf the fine point of the combustion-tube, at the same time 
removing the heat. Draw a slow current of air through 
the tube until it is well cooled down, and then disconnect 
the bulb-tube and pour the contents into a beaker, rinsing 
it out well. Add a few drops of cochineal solution, and 
by means of normal KHO solution determine how much 
of the sulphuric-acid solution used has been neutralized 
by the ammonia thus obtained from the guano. From the 
data thus obtained the percentage of ammonia or nitrogen 
may be readily calculated. Thus, suppose 8 c. c. of the 
sulphuric acid remained unneutralized, 2 c. c, then, have 
been neutralized by the ammonia ; 1 c. c. = 0.049 H2S04 = 
0.017 NHg or = 0.014 N, and the guano contains 2 X 100 X 
0.017 = y.4 per cent NHa, or 2.8 nitrogen {vid. Fres., 
§186, §187.) 

Sulphuric Add. — Fuse 1 gm. with 5 gms. sodium car- 
bonate and 2 gms. nitrate, in a platium crucible over a 
Bunsen burner. Wash the fused contents as completely 
as possible from the crucible with hot water, rinse out the 
crucible with hydrochloric acid, add it to the solution, 
acidulate with hydrochloric acid, boil, filter if necessary, 
and determine sulphuric acid with barium chloride as 
usual. 

Water. — ^I^ 1 to 2 gms. to constant weight, at 120° C, 
in a weighed capsule. The loss is water. Then ignite the 
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capsule at strong red heat to constant weight. The loss is 
organic and volatile matter^ including ammonia. Deduct 
the ammonia found elsewhere, the diflference is non-ni- 
trogenous organic and volatile matter. Of course, this is 
only approximate. The residue after agniting is mineral 
matter, including phosphoric acid. Subtract the phos- 
phoric acid found. The difference is CaO,MgO,Fe808 
Al20sS08Si02. Report as mineral raatter. SOsmay be 
driven out by the ignition, if there is no more than enough 
CaO and MgO to saturate the phosphoric acid. A quali- 
tative test on a hydrochloric acid solution of the ignited 
residue will show whether all the 80$ has been expelled. 

REIPORT. 

Phosphoric acid (PjOg)* 

Ammonia (NHg)! 

Sulphuric acid (SO s) 

Water (H,0)..... 

Mineral matter 

Non-nitrogenous organic and volatile matter 



* Equivalent to phosphate of lime, 
f " " nitrogen ., , 



CHAPTER XXXIX. 

BAW SUGAR. 

The points usually determined in the ordinary commer- 
cial analysis are the amount of crystallizable cane sugar, j 
glucose, water, and ash. j 

The usual method of determining the amount of crystal- 
lizable cane sugar is by the saccharimeter or polariscope, i 
an instrument whose use depends upon the different action 
of solutions of sugar on polarized light, and so constructed | 
that the per cent of cane sugar is read oflE directly upon 
the scale. \ 

A certain amount of sugar to be examined (for the \ 

ordinary Soliel saccharimeter, 26.048 gms.), is dissolved j 

in 80 c. c. of cold water, 2 or 3 c. c. of basic acetate of 
lead added, the solution diluted to exactly 100 c. c, and 
filtered through a large, dry, corrugated filter. The basic 
acetate (subacetate or triplumbic acetate), is prepared by 
digesting, at a moderate heat, 7 parts of finely powdered 
litharge, 6 parts of neutral lead acetate, and 30 parts of 
water. If the basic acetate does not clear the solution, or 
the solution filters badly, add a few drops of solution of 
sodium sulphate, prepared by dissolving 1 part of the 
salt in 6 parts of water. If any salt of lead pass through 
the filter, making the filtrate turbid, dip a rod into acetic i 

add, and stir the liquid with it. This will dissolve the lead 
salt and clear the solution. 

If the filtered liquid is too much colored for the sac- i 

charimeter, filter it through bone coal equivalent in bulk 
to 8 or 10 c. c. The coal should be previously ground 
moderately fine, and heated for a few minutes, to a point 
just below redness, to expel moisture. Care must be taken 
not to heat the bone-black enough to bum the caxbon, and 
turn it white, as it will then lose the power of decoloriz- 
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ing sugar solution?. As the coal has the power of absorb- 
ing sugar from the solution, thereby rendering it weaker, 
the filtrate should be poured back on the filter several 
times before using it in the saccharimeter. 

The tube intended to hold the sugar solution should 
be first washed out with the same, and filled slowly 
to avoid the presence of bubbles of air. The glass caps 
should not be pressed on the ends of the tube with the 
finger, but slid on gently and cautiously, so as to exclude 
all air. 

To adjust the saccharimeter, fill the tube with pure dis- 
tilled water, and turn the instrument, until the semi-disks 
are of the same color. It should then read zero. Now 
fill the tube with the solution to be tested, having pre- 
viously washed it with the same. The 3 semi-disks will 
no longer have the same color. Turn the instrument by 
means of the button, arranged for the purpose, until they 
have the same color, and read on the scale the per cent of 
cane sugar. 

It is well also to test the instrument with a solution of 
sugar, of known value. The color to be used depends 
upon the preference of the operator. The rose tint is best 
adapted to most eyes, and has the advantage, that, with 
the slightest change in the instrument, one semi-disk 
becomes instantly red, and the other green. 

The amount of cane sugar in a sample of raw sugar can 
be estimated by first determining the per cent of invert 
sugar In a portion by the copper solution, as directed later, 
and then, after converting a portion entirely Into invert 
sugar, again determining the per cent. The difference in 
the results is equivalent to the glucose produced by the 
conversion, which is to be calculated to cane sugar. One 
hundred parts of invert sugar correspond to 95 parts of cane 
sugar. 

To invert the cane sugar, dissolve 1 gm, of the sugar in 
100 c. c. of water, add 1.2 c. c. of concentrated sulphuric 
acid, and heat on a water-bath for half an hour, replacing, 
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from time to time, the water lost in evaporation. Neutral- 
ize the free acid with a dilute solution of sodium carbon- 
ate, dilute to 200 c. c, and juroceed as directed. 

The determination of glucose requires a solution of coj)- 
per sulphate, and an alkaline solution of RocheUe salt 
(sodium and potassium tartrate). These solutions, when 
mixed, constitute what is called Fehling' s solution. It is 
better, however, to keep them separate (combining only 
when required), as the mixture is apt to decompose, if kept 
long. 

To prepare the copper solution, dissolve 84.610 gms. of 
copi)er sulphate in 3u0 or 300 c. c of distilled water, cool, 
dilute to exactly 600 c. c, and keep in a glass-stoppered 
bottle. Five c. c. of this solution will then correspond to 
0.05 gm. grape sugar. To prepare the Rochelle salt solu- 
tion, dissolve 63 gms. of pure sodium hydrate in about 400 
c. c. of distilled water, add 187 gms. of Rochelle salt, heat 
on a water-bath, with frequent stirring, until all is dis- 
solved, cool, dilute to exactly 600 c. c. and keep in a 
glass-stoppered bottle. 

To make the analysis, introduce 6 c c. of the copper 
sulphate solution, 6 c. c. of the Rochelle-salt solution, and 
6 c. c. of water, into a 10-inch test-tube or tall narrow 
beaker, and also 2 or 3 small fragments of washed and 
ignited pumice-stone, to prevent bumping of the fluid when 
heated, boil and add (little at a time), from a burette, the 
sugar solution to be tested, which should not contain more 
than 0.5 per cent of sugar. If, upon trial, it is found that 
all the copper Is precipitated by less than 10 c. c. of the 
sugar solution, dilute the solution with an equal quantity of 
water and rei)eat the test. If, on the contrary, it is found 
that more than 26 c. c. are required, make a solution of 
the sugar of twice the strength, and repeat. The liquid 
must be kept alkaline. Toward the end of the operation, 
a slight cloud is formed upon adding the sugar solution ; 
at the close, the fluid loses its blue color, becoming nearly, 
if not quite> colorless. If excess of sugar solution is 
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added, the fluid becomes yellow, and brown if very great 
excess is added. Violette says that the average of the 
readings when the cloud forms, and when the fluid becomes 
yellow, is the true one. 

To test the copper-sulphate solution, dry at 100*^ C. some 
pure powdered cano sugar, weigh 1 gm., dissolve it in lUO 
c. c. of water, add 1.2 c. c. of pure sulphuric acid, heat on 
a water-bath for half an hour, cool, neutralize with sodium 
carbonate, dilute to exactly 2oO c. c, and titre with it 6 c. c. 
of the copper-sulphate solution mixed with 5 c. c. of the 
Bochelle-salt solution and 6 c. c. of water. If the solution 
of copper sulphate is accurate, it should require 9.5 c. c. 
of the sugar solution. 

To determine moisture, dry a weighed quantity of the 
sugar to constant weight, at 100** C. It is well not to take 
more than 0.5 gm. of sugar, as the operation is sometimes 
very tedious, where a large quantity is used, and the dan- 
ger of decomposing the sugar by long-continued heating 
great. The heat must not exceed 105^ C, as a higher teiU' 
perature will caramel the sugar. 

In determining the ash, different methods are used. The 
first consists simply in weighing out 3 or 4 gms. in a plat- 
inum dish, and burning at a low red heat until the ash 
appears white. This operation Is extremely tedious, and 
involves some loss of alkaline salts in consequence of the 
prolonged exposure to a high temperature necessary. A 
method much used in France consists in adding a few c. c. 
of concentrated sulphuric acid to 3 or 4 gms. of the sugar 
in a platinum capsule, and incinerating as before. From 
the weight of the ash thus obtained one ninth is sub- 
tracted, and the figure remaining is reported as the ash of 
the sugar. The most accurate method consists in carboniz- 
ing the sugar at a high heat for a short time, pulverizing 
the carbon thus obtained, extracting from it the alkaline 
salts by boiling with water, filtering, evaporating, and 
gently igniting the filtrate in a platinum dish, and then 
incinerating the carbonaceous matter insoluble in water. 
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This gires the prox)ortioiL of soluble and insoluble ash, 
their sum being, of couTse, equal to total ash. The three 
methods give results sometimes differing widely from one 
another when tried on the same sample. In any case, 
where carbonization of the sugar begins, the sugar is apt 
to boil up, and care must be exercised lest some loss may 
be ezx>^rienced in consequence. 

To examine sugar or molasses for artificial glucose (made 
from starch) weigh out 18.86 gms. of the sample to be 
tested, dissolve in water, invert by acidulating and heat- 
ing, cool, neutralize with sodium carbonate, dilute to 100 
c. c, and examine in the polariscope at a temperature of 
92° C. The percentage of artificial glucose present will 
then be indicated on the scale. (See Journ. Am. Chem. 
fiiw?., Yol. I., p. 3.) 



CHAPTER XL. 

BtJOAB (ultimate ANALYSIS). 

Percentages ofG^H^ andO. — The carbon and hydrogen 
are determined at one operation by combustion in a stream 
of dry oxygen, the resulting OO2 and H3O being caught 
in suitable apparatus and weighed in those combinations. 
The oxygen is determined by difference. Select a tube of 
hard glass about 28 inches long, and 6 or 6 tenths of an 
inch internal diameter, fit to each end corks through which 
are passed tubes of about 1 tenth inch internal diameter, 
and 3 or 4 inches in length. About 2 inches from the front 
end of the tube (the end to be attached to the apparatus 
for absorbing COg and H^O), place a plug of asbestos, pre- 
viously ignited to remove all moisture and carbonaceous 
material* Back of this plug put enough freshly-ignited 
CuO to fill the tube a little more than half, and push down 
upon this another plug of ignited asbestos. Provide at 
the rear end of the tube two bottles, with corks and tubes, 
for drying the O and removing from it any traces of COa it 
may contain, by bubbling it through the bottles, contain- 
ing, respectively, concentrated 11^804 aii^d strong KHO, 
having the sulphuric acid next to the tube. For the front 
end, have a tube filled with neutral calcium chloride in 
fragments, through which a current of dry carbon dioxide 
has been passed for some time, followed by a current of 
dry air. To absorb the carbon dioxide, prepare a U-tube, 
filled with soda-lime, constructed in the same manner as 
given for the determination of Q0% in limestone (p. 63) 
or carbon in iron (p. 106). The sugar, being previously 
dried thoroughly at IW C, 0.260 gm. is then to be 
weighed out in a platinum boat. Weigh the calcium- 
chloride tube and the soda-lime tube. Connect the com- 
bustion-tube (laid in the trough of the combustion-fur- 
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nace) at the rear end with the bottles of salphuric acid and 
potassium hydrate, and at the front end directly with the 
aspirator, heat it to redness, and then draw a current of 
air through it until cool. Then introduce the platinum 
boat into the rear end, replace the cork, and connect the 
calcium-chloride tube and soda-lime tube at the front end, 
connecting the last with the aspirator. Draw a slow 
current of air through the tube, and begin to heat the 
front end of the CuO, carrying the heat slowly back- 
ward toward the boat containing the sugar. At the 
same time, keep the rear end over the tube mod- 
erately, carrying the heat slowly forward. Arrange it 
so that the CuO shall be heated highly before the sugar 
b^ins to bum. Just before the heat reaches the boat, 
attach the tube from the oxygen cylinder, and force a slow 
current of the gas through the tube. Heat the sugar very 
moderately, so that it will bum slowly and not force the 
gases off too rapidly. When it is completely consumed, 
which may be seen by the disapi)earance of the black car- 
bon, remove the heat, disconnect the oxygen cylinder, and 
draw a current of air through it until it is cool. Then 
detach the tubes and weigh. The increase in weight of 
the calcium-chloride tube represents water, from which 
the percentage of hydrogen may be calculated, the in- 
crease in weight of the soda-lime tube represents the car- 
bon dioxide, to be calculated to C* 



CHAPTER XLI. 

TUEPENTIlfE (ultimate ANALYSIS.) 

GiqHxQ 

PercerUages of C and IT. — The process pursued is essen- 
tially the same as that in the ultimate analysis of sugar. 
A few modifications only are necessary, since in this case 
we are dealing with a volatile liquid instead of a solid. 
The pieces of apparatus necessary, are the same as for the 
sugar analysis, with the exception of the platinum boat in 
which the sugar is weighed. Instead of this a small bulb 
of thin glass is prepared, the " tail" of whicli is drawn to 
a long fine j)oint. The extreme point is then broken oflf, so 
as to leave an opening into the interior, which should be 
as fine as a hair. The bulb is weired and then warmed, 
and the end being immersed below the surface of some tur- 
pentine, the contraction of the air in the bulb, as it cools, 
will draw some of the liquid into the bulb. Before it is 
quite cold, withdraw the point from the turpentine, that 
the contraction may draw the liquid out of the "tail," 
leaving it clear. TTien wipe the " tail" dry, and seal the 
end by a moment's exposure to a blow-jnpe flame. The 
glass should be so thin that this can be readily accom- 
plished. Wei^ again. The increase in weight of the 
bulb gives the weight of the turpentine taken. Half -fiU 
the combustion-tube with ignited coppa* oxide as before, 
drop in the bulb containing the turpentine, just ^rack it by 
a light blow from a glass rod, introduced for the purpose, 
and immediately pour down upon it some more copper 
oxide which has been ignited and cooled out of contact 
with the air. Conduct the remainder of the operation as 
in the case of sugar, carrying the heat back more slowly 
and carefully. A longer tube than that nsed for sugar 
analysis may be used with advantage. Carry the heat 
quite to the end of the copper oxide before stopping the 
operation. 



CHAPTER XLIL 

BONE-BLACK. 

Water. — ^Dry 1 gm. at ITC" C, to constant weight. The 
loss is water. 

Carbon Dioxide, — Introduce into the flask of a COa 
apparatus 6 gms. of the finely pulverized black, add 30 
c. c. dilute hydrochloric acid, and determine the carbon 
dioxide by absorption in soda-lime. Calculate to CaCOs-* 

After the determination of the carbon dioxide in the 
manner first given (by absorption with soda-lime) pour the 
contents of the flask upon a filter and»wash thoroughly. 
There will then be a residue and a solution. 

The residue consists of sand, clay, carbon, and insoluble 
organic matter. Wash it from the filter into a Weighed 
platinum dish, allow it to settle, decant oflf the clear fluid 
as closely as possible without disturbing the residue, evapo- 
rate, dry at 170® C, and weigh. Weight = sarvA^ day^ 
and carbon, plus dish. Ignite until all carbon is burned 
oflf, and weigh again. Weight = sand and clay, plus dish. 
Difference from above weight reported as carbon. In the 
solution add barium chloride, to precipitate the sulphuric 
add, filter off, weigh the BaS04, and calculate the sul- 
phuric acid to CaSO^. Dilute the filtrate to 500 c. c, and 
divide into two parts ; A = 100 c. c, -B = 400 c. c. 

A. — ^DUute to 600 c. c, and take 100 c. c. (representing one 

* In most, if not all, sogar-booaes, the common method of determining car- 
bon dioxide is a Tolnmetric process, the rolome of gas evolved being measured 
by an instrunent invented by Dr. C. A. Scheibler, a full description of which will 
be found in Fres., Quant, Anah^ § 287, or in Crookes's Special Methods^ p. 890. 
From the latter work, p. 807, the following table of comections for temperature 
of the volume of gas obtained has been taken ; 
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fifth of a gm.), add about 10 c. c. cone, nitric acid, evapo- 
rate nearly to drjrness to expel hydrochloric acid, add 50 
c. c. ammoninm molybdate, and determine phosphoric acid 
as usual. Calculate to CasCPO*)^. 

B. — ^Add 4 or 6 c. c. cone, sulphuric acid, evapo- 
rate nearly to dryness, add 25 or 30 c. c. water, and 100 
c. c. alcohol. The precipitate is BaS04+CaS04. Filter 
out, wash well with water, from the filtrate boil out the 
alcohol, reduce the iron with zinc and platinum, as in iron 
ore, and titre with i)otassium x>6rmanganate. Calculate 
to FeO. 

Nitrogen^ chlorine, and alkalies may sometimes be re- 
quired. 

For chlorine, boil 5 gms. with nitric acid, filter, and 
determine by AgNOa in the filtrate. For nitrogen and 
alkalies, see' Guano and Superphosphate, pp. 197 and 222. 

A mechanical test of the size of the black is frequently 
made. For this purpose 100 gms. is weighed out and 
shaken in a series of ten wire sieves, the meshes of which 
are of gradually decreasing size, thus : 

No. 1 has 6 holes to linear inch. 
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To get the average fineness of the black, multiply the 
weight left on each sieve by the number of meshes of that 
sieve to the inch, add the products together, and divide by 
100. 

To determine the weight qf a cubic foot of the black, 
select a small porcelain capsule, weigh, then fill with the 
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black, level with the brim without shaking down, weigh 
again, and then weigh the capsule full of water ; and this 
gives all the data necessary for calculating the specific 
gravity of the black when lying loosely. Prom this the 
weight of a cubic foot may be calculated. That of a cubic 
foot of water is usually taken as 62^ lbs. (f 2^ lbs., Watts^s 
Diet, v., 1010.) 

To determine the absorptive power of the black — the 
porosity — ^weigh out 20 gms. in a funnel, drench with 
water, allow the surplus water to drain off, and weigh 
again. The amount of water retained shows the degree 
of porosity. 

Decolorizing Power. — ^Make a solution of raw sugar 
of 10^ Be. (about 1.07 sp. gr.), take 20 to 60 gms. of the 
sample, and the same amount of a bone-black the power 
of which is known. Wet the samples down well with the 
raw-sugar solution, and pass equal amounts of the solution 
through each sample. Compare the depth of color left in 
the sugar solutions^ after filtration, with one another by 
means of a Duboscq colorimeter. 

Completeness of burning is determined by boiling a 
portion of the sample with solution of sodium or potassium 
hydrate. The deeper the coloration of the alkaline solu- 
tion the less complete the burning has been, since organic 
matters occurring^ in the coal, which have been incom- 
pletely carbonized, impart a strong color to solutions of 
caustic alkalies. 

Completeness of Washing. — Wash with hot water, and, 
after cooling, test the density of the wash- water. 



CHAPTER XLIIL 

COAL. 

Moisture. — Dry 2 gms. of the coal, finely pulverized, in 
a weighed platinum crucible at 115° C, for half an hour, 
cool, and weigh. Dry again for 15 minutes at the same 
temperature, cool, and weigh again. Repeat this until the 
weight begins to increase, indicating incipient oxidation. 
Prom the lowest weight thus obtained calculate the i)er- 
centage of moisture. 

Volatile Comlmstihle Matter. — Ignite the above crucible 
and contents for three minutes (keeping the crucible 
closely covered) in the strongest heat of a good Bunsen 
burner, then at once ignite for the same length of time 
over the blast-lamp, cool, and weigh. The crucible should 
be kept covered throughout this operation. The loss is 
volatile combustible with half the sulphur. For anthracite 
or coals containing no bituminous matter, this operation 
may be omitted as unnecessary. 

Fixed Carbon. — Remove the cover, and bum off the 
remaining carbon over a Bunsen burner until nothing 
remains but the ash. The loss is fixed carbon with the 
remainder of the sulphur. The final weight, less the weight 
of the crucible, gives the ash. 

Sulphur. — Pulverize the coal finely, weigh out 2 gms. 
and mix it thoroughly in a convex cover with 16 gms. 
sodium carbonate and 16 gms,* sodium nitrate, also finely 
pulverized. Now, with a spatula introduce a little of the 
mixture into a large platinum crucible, cover it, and heat 
until deflagration commences, when the flame should be 
removed. As soon as the violence of the deflagration has 
ceased, add a little more of the mixture, and apply the 
flame again until deflagration again occurs, Rei)eat this 
until all of the mixture has been transferred to the cru- 
cible. Heat after the last violent deflagration has ceased, 
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nntil the mass is in complete fusion to insure oxidation of 
the sulphur. Dissolve out the contents of the crucible in 
boiling water, acidulate with HCl, boil to remove the lower 
oxides of nitrogen, if anything remains undissolved, filter 
and wash. In the solution, precipitate the sulphur (now 
present as sulphate) with BaClg in the manner already- 
given (p. 18.) 

The most convenient method of keeping the notes on a 
coal analysis are as follows, an example being given to 
show how the calculation is made : 

Weight of crucible and coal 82.0000 gms. 

'' "crucible 30.0000 *< 

Cooltaken 2.0000 " 

Weight of crucible H- coal 32.0000 

" *« ** after drying 81.9920 

Loss = H,0 0:0080 0.40 per cent 

Weight of crucible + coal dried 31.9920 

*« " " ignited (closed) 81.4480 

Loss = volatile combustible -f J^ S 0,5440 27.20 " 

Weight of crucible + coal ignited (closed) 81.4480 

<* ** " ignited (open) 80.1000 

Loss = fixed carbon 4- 3^ S 1.3480 67.40 ** 

Weight of crucible -f contents ignited (open). 30.1000 



(( 



" 80.0000 



Residues ash 0.1000 5.00 " 

Sulphur / .^ " 

REPORT. 

Moisture 0.40 per cent. 

Volatile combustible (27.20 less 0.5 or J^ S) 26.70 ** 

Fixed carbon (67.40 less 0.5 or %8) 66.90 *< 

Ash 5.00 

Sulphur ,. 1.00 *' 

100.00 

Weight of a Given YoVumie of the Coal (1 cubic yard). — 
By weighing a fragment of the coal suspended from the 
balance by a hair in air and then in water the specific 
gravity may be obtained. The weight of a cubic yard may 
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then be calculated, e. g.: Supi)ose the si)ecific gravity to be 
1.3488, 

Now, 1 cubic foot of water weighs 62.355 lbs. ( Watts* 8 
Diet, v., p. 1010), and 1 cubic yard weighs 62.365 X 27 
= 1683.585 lbs. . • . 1 cubic yard coal weighs 1683.585 X 
1.3488 = 2270.819 lbs. or, leaving off the decimals 2271 
lbs. The weight of 1 cubic foot of water may be regarded 
as 62i lbs. 

Ultimate or EleTnerdary ATialysis of Ooal. — This is 
conducted in the same manner as for sugar, which see 
p. 230. 

Heating Power. — ^Berthier's method, by the reduction 
of lead oxide {itandh. der Met. Analyt. Chem., I., 207; 
Kerl., HOtten-kuTide, L, 218), is thus described: 

Mix 1 gm. of the finely pulverized coal carefully 
with not less than 20 or more than 40 times its weight of 
finely sifted litharge containing no metallic particles, 
place the mixture in a small crucible, and cover it with 30 
times its weight of litharge. That the mixture may not 
boil over, the crucible should be only about half full. Covot 
the crucible, and heat gradually in a muffle or wind fur- 
nace to red heat. If the heat is raised too rapidly, com- 
bustible gases escape, or the mass may boil over. In 
using a wind furnace, the crucible should be placed on a 
fire-brick, resting on the grate bars supporting the glow- 
ing coals. Shake coals around it until only the top of the 
crucible projects. When the mass, which at first swells 
up, is f Jed, cover the crucible entirely with coals, and 
increase the heat for ten minutes to collect the lead in a 
button, r.nd then take it out. The whole operation lasts 
from forty-five minutes to one hour. Break up the cru- 
cible, clean the btitton from adhering lead oxide by means 
of a brush, and weigh. To obtain a reliable average make 
two to four tests. Porchammer {Bgvfd., XI. y 30) recom- 
mends, instead of litharge, a mixture of 3 parts litharge 
with 1 part lead chloride, which fuses more readily and 
requires only ten minutes for the operation. As unity we 



HEATING POWER. 241 

refer to carbon, wMch reduces 34 times its weight of lead. 
Sugar carbon gives nearly this quantity of charcoal ; with 1 
to 1.5 per cent ash, only 29 to 30 parts. If we assume 1 
caloric as 8086 (Favre and Silbermann) every part of lead 

produced = -oj- = 230 heat units. Since this is based 

upon Welters' s* law, it gives no absolutely correct results, 
but they do not differ appreciably from the truth, so that 
this process on account of its simplicity is still of value, 
and it is stiU frequently used. (Wiakler JSrdm. Jr.fwr 
PraJct. Chem.^ XVII., 65; V. Hauer, Oesterr. ZeitscJiT.y 
CLIIL, 34, 156, 249.) The results are at most one ninth too 
low, as estimated against the calculation from elementary 
analysis, and according to Stolzel {Dingl. Polyt. J!, 
CXLVI., 138) are the closer the higher the i)eroentage of 
carbon, and the greater the care exercised to avoid loss of 
carbon monoxide. 

* Welters's law may be briefly stated thus : The absolute heating^ eflects of car- 
bon and hydrogen stand in direct rdiation to the amounts of oxygen talten np in 
boming. Thus, one part by weijcht of H stoichiometricaUy calenlated requires 
thrice as much O as one part of C, e. g. : 

8 ports hydrogen take 16 parts O to form H3O or 1 pt Htakes 8 pts. O. 
13 " carbon " 82 " " ** C0» '' 1 pt. C " 2% " O. 
. *. Heating effect of H : Heating effect of C = B : 1. 

Experimental researches show the absolute heating efliect of H as compared 
with C to be 4.3 : 1 (Favre and Silbermann ib,). 



CHAPTER XLIV, 

PETROLEUM. 

Petroleum consists of a mixture of hydrocarbons, prin- 
cipally of the so-called paraffine series, CnH8n^_2, in which 
the temperatures of boiling or melting increase as the 
number of atoms of carbon in the molecule increase. 
Thus, the first four of the series are gaseous at ordinary 
temi)eratures, the next two or three boil at a temperature 
below that of boiling water, the rest at a still higher tem- 
perature. As the number of carbon atoms in the molecule 
increase, the boiling point becomes higher and higher. 
Those members of the series containing twenty atoms of 
carbon or more in the molecule are solid at ordinary tem- 
peratures (commercial paraffines), etc. {md. Fowne's Ele- 
mentary Chem.). 

The chief value of a petroleum lies in the amount and 
quality of burning, and heavy paraffine oil which can be 
obtained from it. This is determined by subjecting the 
oil to what is called ^'fractional distillation," keeping the 
portions distilling off at dififerent temperatures apart from 
each other, and then determining the amount and quality 
of tbe fractions. What distills off first is known as the 
naphtha, and is inferior in value. The last portions, after 
distilling off the heavy paraffine oUs, have also little or 
no value. The process is thus conducted : 

The gravity of the oil at 60^ F. is first taken. Then 500 
or 1000 c. c. of the oil, preferably the larger quantity, is 
weighed, and placed in a retort connected with a good 
Liebig condenser. A cork, 'carrying a thermometer which 
will register temperatures at least as high as 600® F., is 
then fitted to the tubulure of the retort and heat is applied. 
The oil is gradually raised to the temperature of boiling. 
Being a mixture of hydrocarbons having different boiling 
I)oints, the temperature does not remain constant, but 
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Steadily increases. As soon as the thermometer indicates 
160° P., the receiver is changed, and another is substituted. 
This is again changed at 250° P. These first two fractions 
are the light and heavy naphtha. The fraction between 
260"* and 400^ is the light-, and that between 400° and 500"' 
the heavy-burning oil. If it is only desired to determine 
the quantity and quality of the illuminating oils which 
the petroleum will yield, we may stop here. If it is de- 
sirable to go on, the heat is removed for a moment while 
the thermometer is taken out and replaced by a close-fit- 
ting ground-gliass stopper. The heat is then replaced, and 
the distillation continued until but a small amount is left 
in the retort. In some cases, two or three fractions are 
made of the last portion coming ofiE after 500''. Having the 
fractions, the next step is to determine their amount and 
quality. Measure and weigh each one, and take the 
specific gravity as a check on the results. It must be 
remembered that loss is involved in every transfer of the 
oil from one vessel to another ; therefore the best plan is to 
weigh the receivers for the fractions beforehand. The 
specific gravity is usually reported in degrees Baume. 
Since, however, there are several tables giving the com- 
parison of Baume degrees and specific gravities which 
diflPer from one another more or less widely, it is well also 
to record the specific gravity, which may be ascertained 
most readily and accurately by weighing a small piece of 
glass or brass suspended from a hair in the oil, then in air^ 
and in water. 

REPORT. 

Gravity of the oil, . . ."Baum^ ( = «p. gr. . . . .) 
The oil was found to contain : 

Temperature. /——Per Cent— -\ /— Oravity— • 
Pahr. By Vol. ByWt. B6.=»Sp.Gr. 
Liglit. I Worti,+tia 70°tol50° 

Light. ; rt„-„:^^ ^:i 250^ to 400' 

Heavy, f ^"''^^^^ <^^^ 400'to500'' 

Paraffine oils 500' upward 

Residue (cokings) .......... ...... ...... ...... ...../ 
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Refined burning oils sometimes require to be tested for 
**flaslung" and "burning^' points ; or, in other words, it 
may become necessary to determine at wliat temperature 
the oil will evolve an inflammable vapor, and at what tem- 
perature it will take fire when brought near a flame. The 
test is made by placing a small {)ortion of the oil In a glass 
vessel surrounded by water, immersing a thermometer in 
the oil, and slowly heating the water, which, in turn, im- 
parts heat to the oil. The oil should be frequently stirred 
to insure uniform heating, and from time to time a small 
flame is brought near the surface of the oil. The tempera- 
ture should not be raised faster than 3° in five minutes. 
When the "flashing point" is reached, on the approach 
of a flame, a light blue flame runs over the surface of the 
oil, accompanied with a slight explosive sound. The indi- 
cation of the thermometer is then noted. The heat is still 
raised until the application of the flame will set the oil on 
fire, and it wiU remain burning when the flame is removed. 
The indication of the thermometer is then noted as the 
*' burning point." The operation should be conducted in 
a place not exposed to draughts. The flame should not 
be frequently applied to the surface of the oil, lest the 
upper layer of the oil should be heated up to the flashing 
point, while the lower layers, the temi)erature of which is 
shown by the thermometer, are still below that tempera- 
ture. A good quality of burning oil should not flash below 
110"^ P. 



CHAPTER XLV. 

EXAMINATION OF ILLUMINATING GAS. 

The tests most frequently made or required in deter- 
mining the value of illuminating gas are : Specific grav- 
ity, illuminating power, sulphur and ammonia. 

The Specific Ora/oity may be determined by Bunsen's 
method of weighing a glass globe when exhausted by an 
air-pump, when filled with air, and when filled with 
the gas, and from the data obtained calculating the re- 
sult. The more convenient and more common method 
at present in gas-testing stations is the Schilling effusion 
test, in which the times of effusion of equal volumes of 
gas and air through a fine hole in a thin, metallic plate 
are compared. The principle upon which it depends 
being that the specific gravities of two gasses passing 
through such an opening !are proportionate to the squares 
of the times of effusion. > As the specific gravity of air 
is taken as 1.000, if a given volume of air escapes in 139 
seconds, and the same volume of gas requires but 90 sec- 
onds, the calculation would be : 

Sp. gr. of air (== 1) : Sp. gr. of gas == (139* =) 19,321 

: (i^0« =) 8,100 
Sp. gr. of gas = ^^^ == 0.419 

Uluminating Power. — The methods most relied upon 
in taking the illuminating power depend upon the princi- 
ple that the intensity of light varies inversely as the 
square of the distance from its source. If, then, between 
two lights which are to be compared we place alight 
screen and move it back and forth until both sides are 
equally illuminated, its resj>ective distances from the two 
lights will be as 1 to 1 if they are equal in intensity ; as 1 
to 4 if one is twice as bright as the other ; as 1 to 9 if one 
is thrice as bright, and so on. 
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If one of these lights is assumed as a standard, we 
have then a measure of the illuminating power of the 
other in terms of the standard. 

The Standard adopted is the light derived from a sperm 
candle, of which six weigh one pound, and each of which 
will bum 120 grains per hour. These candles are manu- 
factured at present expressly for this purpose When 
cast in the moulds they are made slightly tapering from 
the butt in order to facilitate their removal when cooled. 
This taper should be removed by drawing them through 
a plate like a wire-drawing plate, that they may be uni- 
form in calibre. This process is sometimes neglected by the 
manufacturer, so that each candle should be exaniined 
before using to see that it is of uniform diameter through- 
out. If the candle — ^as is frequently the case — does not 
burn exactly 120 grains per hour, a correction may bo 
made for the variation, provided it does not exceed grains 
on either side of this rate,?!. ^., is between 114 and 120 
grains. If those limits are exceeded the results should be 
rejected. 

TTie Burner for the gas was originally required by 
British acts of Parliament to be ^ * an argand burner hav- 
ing 16 holes and a 7-inch chimney. " This description 
was, however, not found to be sufficiently close, as a large 
variety of burners might answer this description, and 
give very different results with the same gas. 

A pattern, however, answering this description was man- 
ufactured, and for a long time both here and in England 
known as the ' ' Standard London argand. ' ' More recently, 
however, the question of standards for gas has 'been 
overhauled in England, and standard burners manufac- 
tured by Sugg, of London, have been adopted, of which 
the material dimensions of the various parts, &c., are accu- 
rately specified. It is sufficient here to state that for gas 
of under 20 candle power the burner known as ''Sugg's 
London argand No. 1 " is used. This is provided with a 
steatite (commonly called lava) chamber with 24 holes, 
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and a chimney of 6 inches in height, and an internal 
diameter of 1 J inches. For gas of under 16 candle-power 
a chimney of If inches internal diameter, and of the same 
height, is used with the same burner. For cannel gas and 
other rich gases, a steatite batswing burner is used. In 
this country for gas ranning up to 30 candle power 
another burner manufactured by Sugg, and similar to his 
"London argand No. 1, ' is used, wMch is provided with 32 
holes and a 9-inch chimey. 

Meters. — The rate at which the gas is to be burned is 6 ft. 
per hour. As the duration of a test is ordinarily not over 
1 5 minutes, an experimental meter registering to thou- 
sandths of a foot is necessary. A wet meter is used in 
which the water is brought to a given level indicated by 
a mark on the gauge. In some photometric rooms a 
clock striking every minute with a preliminary alarm 5 
seconds before it strikes is used; but the most recently 
constructed meters for this purpose are provided with a 
hand run by clock work, which will travel around the 
face of the meter with the meter band, if the gas burns at 
exactly the rate of 5 ft. per hour, while if it does not, the 
amount by which the one hand is in advance of the other 
furnishes a basis for a simple calculation of the rate per 
hour for which a correction must be made, in calculating 
the candle power. 

PTiotoTmter Bar and Disc. — ^The photometer bar is sim- 
ply the bar on which the disc is moved back and forth 
between the two lights, and is graduated so that by the 
aid of a pointer immediately below the disc the candle 
power observed may be at once read off. The lights are 
usually placed at 100 inches apart. The disc formerly 
used was of paper stretched in a small circular frame, 
oiled except a small spot in the centre. The form at pres- 
ent used is a paper with a star-shaped hole in the centre 
between two thin plain papers, the whole set in a frame, 
and inclosed in a box blackened inside to exclude reflec- 
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tions, and prevent the glare of the lights which are com- 
pared from distracting the attention. 

Pressure^ etc, — The pressure at the meter should be 
equal to half an inch of water, and at the burner should be 
as nearly zero as possible. Attention is not always given to 
the barometric pressure, and the temperature of the room 
in which the tests are made. The barometer should stand 
at 30 inches, and the temperature should be 60^ F. If 
any great variation from these figures occurs, corrections 
should be made to obtain the true measurement of the gas 
passed through the meter. 

The Photometer Room should have the walls, ceiling 
and floors, colored dead black to avoid reflections, which 
would interfere with the correctness of the observations. 

In making the test the candle should be first lighted 
and allowed to burn for five or ten minutes ; the gas also 
should be allowed to burn for about the same length of ! 

time, and the rate of burning adjusted with a tangent screw- 
cock. The candle (or candles, since two are now often 
used) are counterbalanced by the use of shot or sand, and 
at the same instant the time is noted. With the most im- \ 

proved forms of apparatus, the candles are balanced and \ 

weighed in position. With some other forms, the balance | 

is separate from the rest of the apparatus, and provided 
with a socket at one end of the beam to receive the candle. \ 

The disc is then moved back and forth on the bar until ! 

both sides appear to be equally illuminated, and the read- « 

ing is taken once and sometimes twice a minute. The 
meter is also observed every minute to insure uniformity 
of burning of the gas. These readings are of course 
recorded as fast as made, and after ten or fifteen minutes 
an average is taken ; the amount of candle burned is ascer- 
tained by adding grain weights to the pan under the can- 
dle socket to replace the weight burned, and the time 
noted. In this way the candle and gas rates are obtained ; 
the photometer readings are averaged, and where two can- 
dles have been used, the figure obtained is doubled. This 
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gives observed candle power, which must be corrected for 
both gas and candle rates. 

Oorrectionfor Gas and Oandle, — If the gas has burned 
at the rate of over 5 feet per hour, the observed candle power 
is too high ; if the gas rate is less than 5 feet it is too low. 
We therefore correct by a proportion : 

Gas rate : 5 f t. = obs. c. p.: c. p. corrected for gas. 

This result must again be corrected for candle rate by a 
similar proportion. If the candle rate is over 120 grains, 
the reading has been too low ; if under 120 grains, it is too 
high. The proportion therefore is : 120 : candle rate = 
c. p. : corrected candle power. These corrections may be 
made in either order, when, if the arithmetic is correct, 
the result will be essentially the same. E. g.: Suppose 
the observed candle power to be 17.12, the gas rate 4.9, 
the candle rate 124 grains : 

In correcting first for fi^as rate, 

4.9 : 5 = 17.12 : candle power corrected = 17.46. 

Correcting this for candle rate, 

120 : 124 = 17.46 : correct candle power = 18.04. 

Or, to correct first for candle rate, 

120 : 124 = 17.12 : candle power corrected == 17.69. 

Then, for gas rate, 

4.9 : 5 = 17.69 : correct candle power = 18.05. 

Essentially the same result. 

Sulphur. — This is detelmined in gas by burning the 
gas slowly in such a way that the products of combustion 
mingle with fumes of ammonia or its carbonate, collect- 
ing the ammonia compounds of the sulphur thus obtained 
(sulphate and sulphite), oxidizing them to sulphate, and 
determining as usual by precipitation with barium chloride. 
An experiment meter registering to thousandths of a 
foot is used, and from four to ten feet of gas are burned 
for a determination, at the rate of from half a foot to 
one foot per hour. Two forms of apparatus are used, 
"Letheby's" and "the Referee's." In the first (which 
is the older form) the gas is burned in a Leslie burner, 
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which consists of a number of small metal tubes, 
arranged in a ring like an argand burner. Below the 
burner is placed a beaker containing ammonia, over which 
a funnel is inverted, the stem of the funnel coming up 
through the centre of the burner. Over the burner is a 
trumpet tube, in shape like a long truncated cone, the 
upper end of which is turned at right angles and passes 
through a cork in a horizontal, cylindrical "receiver," 
shaped like a double-ended bottle, with a shoulder at 
each end. In the receiver is also placed about 20 c. c. of 
strong ammonia. To the other end of the receiver is fitted 
a long tube, about the size of combustion tubing. This 
tube is not set quite horizontal, but inclined slightly up- 
ward so that any liquids condensing in it will flow back 
to the receiver. It is often also surrounded by a Liebig 
condenser, to insure more complete condensation. 

In the Referee' s apparatus the gas is burned in a single 
hole steatite jet, around which are. placed lumps of am- 
monium sesquicarbonate, while over it is placed a trumpet 
tube, as in the Letheby apparatus. Instead of the ''re- 
ceiver," however, a tall, glass bubbling- jar is used, filled 
with marbles, over which a stream of ammonia is made to 
trickle slowly. The ammonia flows through a tube at •, 

the bottom into a beaker placed to receive it. To insure 
sufficient draught through the marbles it is sometimes 
well to attach an aspirator to the upper end of the bub- 
bling- jar, and keep up an exhaustion of about one quar- 
ter to one half an inch of water. 

With either apparatus, after a suflScient amount of gas 
has been burned ; the entire apparatus, trumpet tube and 
all, are thoroughly washed out ; the washings and con- 
tents of the receiver, etc., added together; the whole 
evaporated nearly or quite to dryness, a few c. c. of bromine 
water added and again evaporated, and finally water 
added to bring the solution up to a convenient bulk, and 
the sulphate precipitated as usual with barium chloride. 

The sulphur calculated from the weight of barium sul- 
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phate thus obtained is reckoned to so and so many grains 
per hundred feet of gas, and is so reported. The amount 
depends on the character of the materials used in making 
the gas, and the kind and eflSciency of the methods of 
purification tised. The amount depending upon these 
conditions may be from five to over forty grains per 100 
feet. 

Ammonia is usually determined by passing several feet 
of the gas (measured by an experiment meter) slowly 
through a measured quantity of half normal sulphuric 
acid, and then by titration determining the amount of sul- 
phuric acid which has been neutralized. A Peligot bulb 
tube, or a tube filled with marbles wetted with the sulphuric 
acid solution, may be used for the purpose — ^indeed, any 
method which permits the intimate contact of the gas 
with solution, and subsequent removal of the solution 
for titration. The ammonia (NH,) is calculated like the 
sulphur to grains per 100 ft. The amount found is usu- 
ally in the neighborhood of two to three grains, though 
in certain cases it may run much higher. 



CHAPTER XLVI. 

SOAP. 

A good hard Boap should not contain less than 54 per 
cent of fat acids, combined with at least one eighth that 
amount of soda (NagO), and not over 40 per cent, of water. 

In the analysis of soap, we may have to determine 
(1) combined fatty acids^ (2) unsaponified fat^ (3) resin^ 
(4) glycerine^ (p) combined alkali (^2i.Jd\ {&) uncombined 
alkali (NaHO), (7) free carbonate (Na2C!03), (8) chloride^ 
trace^ (9) sulphate (NasSO^), (10) foreign matter^ which 
may include impurities or adulterants, as clay, sand, 
ochre, talc, sodium silicate, etc., and (11) water. 

Analysis. 

Dissolve 6 gms of the soap in fine shavings in 80 or 90 
c. c. of 90 per cent alcohol, heating it on the water-bath 
until solution is effected. 

The solution will then contain the first six constituents 
above-mentioned, together with the water, while the resi- 
due will contain the other constituents. 

Solution. — ^Pass a current of carbon dioxide through it 
for some time. The uncombined alkali will be converted 
into NaHCOs, and will precipitate. Filter, wash with alco- 
hol, dissolve in water, and titre with half -normal sulphu- 
ric acid. (Alkalimetry p. 207.) Calculate to NaHO for 
(6) uncombined alkali. 

To the fiJLtrate or the alcoholic solution in which CO^ failed 
to produce a precipitate, add 15 or 30 c. c. of water, and 
evaporate off the alcohol. Add 25 or 30 c. c. of half- 
normal sulphuric acid from a burette, and a weighed 
quantity (5 gms.) of pure white wax, boil, filter through 
a wetted filter, and wash with boiling water until the 
washings are no longer acid. Cool the cake of wax which 
takes up the fat acids and resin, dry between bibulous 
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paper, and weigh. The weight, less the weight of the 
wax added, gives that of (1) combined fatty acids, (2) un- 
combined fat, and (3) resin. 

In the filtrate from the wax, etc., determine by means 
of a half -normal soda solution, how much of the sulphuric 
acid used has been neutralized by the alkali of the soap, 
the resub gives (5) combined alkali. Calculate to NagO. 

Residue. — Dry and weigh, treat with water, and filter, 
dry again and weigh. The last weight is that of the (10) 
foreign matter insoluble in water. Titre the water solu- 
tion with half -normal sulphuric acid. Calculate the re- 
sult to Na2C03. This 'gives (7) free carbonate. The first 
weight, less the foreign matter insoluble in water, and also 
less free carbonate, gives the weight of neutral salts sol- 
uble in water. 

(2) Uncomhined Fat. — Treat 5 gms. of the soap (cut 
into very fine shavings) with ether two or three times, 
pouring off the ether into a weighed dish The operation 
may be assisted by placing the vessel over a water-bath 
containing hot water^ but with no flame under it. Since 
the Qlher may dissolve small portions of the soap, it 
is safer to evaporate off the ether from the first extrac- 
tion, and then to treat the residue ag-ain with ether. 
The weight of the residue left on the last evaporation of 
the ether gives (2) unsaponified fat. Carbon disulphide 
may be used in place of ether. 

(3) Resin. — Dissolve 40 gms. of the soap in boiling 
water, add an excess of sulphuric acid to separate the 
fatty acids and resin, cool, pour off the aq[ueous portion, 
and digest the fatty residue with equal volumes of alcohol 
and water, agitating from time to time. Pour off the 
milky fluid, add more alcohol and water, and digest again. 
Repeat this until the fluid ceases to become milky, then 
add water and a weighed quantity of wax as before, 
filter, dry, and weigh the cake. The weight represents 
that of the fatty acids deprived of the resin. The differ- 
ence of percentage obtained in this way from the percent- 
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age obtained as before described, gives approximately the 
amount of tiie resin present. 

(4) Glycerine, — Dissolve 6 gms. of the soap in 90 per 
cent alcohol, add dilute alcoholic sulphuric acid (1 vol. 
concentrated sulphuric acid to 10 vols, alcohol) so long 
as a precipitate forms, filter, wash with alcohol, digest 
with barium carbonate and water until the alcohol is gone, 
filter, evaporate the filtrate to dryness in a weighed dish 
at gentle heat, and weigh the residue of glycerine, 

(5, 6, 7, 8, 9, and 10) Mineral Constituents. — Calcine 5 
gms., weigh, dissolve in water, filter. Residue is (10) 
foreign matter. Dilute the solution to some convenient bulk 
(say 200 c. c). In one half, determine total alkali (5, 6, and 
7) by titration with half -normal sulphuric acid. A portion 
may be taken to test for the presence of potassium salts. 
In one quarter, determine (8) chloride, by titration with 
standard solution of silver nitrate, with potassium chro- 
mate as indicator. In the remaining quarter, determine 
(9) sulphate, by precipitation with barium chloride, as 
usual. Calculate chloride and sulphate to NaCl and 

Na^SO*. 

(11) Water, — Some analysts determine all the other 
constituents, and calculate the remainder as water. It 
may, however, be determined by dissolving 1 or 2 gms. in as 
little strong alcohol as possible, pouring the solution upon 
a weighed quantity of sand in a dish, and drying in the 
air-bath at 110® C. to constant weight. The loss represents 
the water. 



CHAPTER XLVIL 

FLOUB. 

Digest 5 gms. of the flour in 100 c. c. cold water for 
one or two hours, with frequent stirring, filter through a 
filter previously exhausted with hydrochloric acid, washed, 
dried, and weighed, wash with about 100 c. c. cold water* 
The solution contains (1) albumen^ (2) gum^ (3) sugar^ and 
a portion of the soluble salts. The residue contains (4) 
cellulose^ (5) starchy gluten^ and fat 

Solution. — 1. Boil, and then filter ; the precipitate con- 
sists of albumen* Dry at 100° 0. , and weigh. 

[iVbfe.— The treatment with water, filtration and pre- 
cipitation of albumen should be completed on the same 
day. By keeping the solution hot it may be continued 
through two days, but this is not advisable.] 

2. Evaporate the filtrate from the albumen nearly to 
dryness, add a large excess of alcohol, warm, and then 
allow it to cool, filter on a weighed filter, wash with alco- 
hol. Dry at 100° C, and weigh the gum thus obtained. 

3. Evaporate the alcoholic filtrate from the gum to small 
bulk, add water, and boil out the alcohol. Concentrate 
the solution to 50 c. c, and divide in halves. In 
the first half, determine the glucose direct by the 
copper sulphate solution as described under Raw Sugar 
(p. 225). In the second half, add a few drops of dilute 
sulphuric acid, boil, neutralize with potassium hydrate, 
and determine glucose by copper sulphate as before. The 
excess of glucose found in the second determination is due 
to cane sugar. 

Residue. — Wash with a jet from the wash-bottle into a 
beaker. Then dry the filter with what adheres to it, and 
weigh. This weight, less that of the filter found at the 
beginning, gives the weight of adhering substance, which 



256 PLOUR, 

must be taken into account in the subsequent determina- 
tions. 

4. Add to the substance in the beaker, 60 times its 
weight of water containing one per cent of sulphuric acid, 
and heat for several hours, until the starch goes into solu- 
tion, and only light floculent cellulose is left. Filter and 
wash until all sulphuric acid is removed, dry at 100° C, 
and weigh. 

5. To the filtrate from the cellulose, diluted to 400 c. c, 
add about 30 c. c. concentrated sulphuric acid, and heat 
on a water-bath at about 95° C. for several hours, adding 
water from time to time to keep it up to the original bulk. 
Digest thus until a drop of the solution shows no colora- 
tion when treated with diluted iodine solution, and also 
gives no precipitate with alcohol. AYhen the conversion 
of the starch into glucose is complete, neutralize the excess 
of acid by sodium or potassium hydrate and determine the 
glucose with copper sulphate as before. 

The starch can also be determined in a separate portion, 
by washing a weighed quantity with water, then with 
ether, and again with water, drying and then making an 
elementary analysis for carbon (see elementary analysis of 
sugar), or with copper oxide and lead chromate. The 
carbon found is from both starch and cellulose. Deduct 
the carbon due to cellulose found as above (formula, 
Ci2HioOio the same as that of starch), and calculate the rest 
to starch (44 parts carbon = 100 parts starch). 

Albumenoids. — Determine the total nitrogen in 1 gm. 
by combustion with soda-lime (guano, p. 222), and from 
this calculate the albumenoids ; 15.5 parts N = 100 parts 
albumenoids. Prom this deduct the albumen found as 
above ; the difference is gluten. 

Fat — Weigh out 2 or 3 gms. of the flour, treat with 
ether, boiling it gently over the water-bath, decant the 
ether through a filter into a weighed dish, repeat this two 
or three times, evaporate off the ether, and weigh the fat. 

Ash. — Burn 40 or 60 gms. of the flour in a weighed dish. 
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If there is any difficulty in burning off tlie carbon, cool 
and weigh the dish and contents ; then extract with hot 
water, filter through a small filter, avoiding any transfer of 
the carbonaceous substance to the filter. Dry the dish, 
and weigh again. The loss represents mineral salts dis- 
solved out. Moisten with nitric acid, add the filter-paper 
and contents, and burn again, cool, and weigh. The 
weight, less that of the dish, represents the remain- 
der of the ash. The weight of the ash of the small filter- 
paper may be ignored. The ash may be dissolved in 
water with a little nitric acid, and analyzed as required. 

Water. — ^Dry 1 or 2 gms. in the air-bath at 110 to 120° 
C. to constant weight. Loss = water. 

All filter-papers used in this analysis, on which different 
constituents (albumen, gum, etc.) are weighed, should be 
prepared by soaking for about half an hour in dilute 
hydrochloric acid (1 : 10) washing thoroughly with water, 
and drying. 
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TABLES OF WEIGHTS AND MEASURES.* 



The following comparison of French, weights and meas- 
ures w^ith those of the United States have been taken or 
calculated from similar tables given by Dr. Warren De la 
Rue. Ur^ s Dictionary^ III., p. 1119. 

Slight discrepancies from other authorities exist, e. g.^ 
the gramme is given by De la Rue as equivalent to 15.4S23 
grains. The TJ, S. Dispensatory, 13th Ed., pp. 1734 and 
1735, gives 15.434 grains, and refers to other authorities 
which give 15.444 grains as the equivalent of the gramme. 

The number of grains in the U. S. gallon of 231 cubic 
inches is here taken as 58, 318, which is believed to be cor- 
rect, from a calculation based upon results obtained from 
experimental researches on the expansion of liquids, and a 
reference to the English standard for the wine or Win- 
chester gallon, on which it is based. (See note of W. H. 
Chandler, Am. CTiem. I., 318.) The U. S. Dispensatory 
(ib.) gives 58,328.886 grains. 

The report of F. R. Hassler, of the coast survey, gives 
58,372.1754 in 1832, and in 1842 Hassler makes it 58,373 
grains. The reasons for considering this erroneous will be 
found in Barnard's Metric System^ p. 158. 
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DCBIASXTRES OF CAFACITT (U. S. PHARMACOPEIA). 






Grains of 


Cable 


Gal. Qt8. Pts. FLos. Fl. dr. Minims. 


water at 62* F. 


centimetres. 


1 =: 4 = 8 = 128 = 1,024 ^. 61,440 


= 58,318.00 = 


. 3,785.200 


1 2 82 256 15,380 


14,579.50 


946.300 


1 16 128 7,690 


7,289.75 


473.150 


1 8 480 


455.61 


29.570 


1 60 


56.95 


3.690 


1 


0.95 


0.061 


1 Emgliflh Imperial gallon = 277.274 cu. in. 


70,000.00 


4,543.000 


1 " *' pint = 34.650 " 


8,750.00 


568.000 


Other English gallons ; 






1 wine = Winchester gal. r^ 231.000 *' 


58,318.00 


3,785.200 


1 com gallon, 268.800 ' • 


67,861.00 


4,402.900 


lale " 282.000 *' 


71,193.40 


4,619.2C0 



1 cu. ft. = 283.15 c. c. 

1 cu. in. = 16.38 c. c. 0.061027 cu. in. = 1 c. c. 

LINEAB MEASURES. 

Metre. 

lyard 0.91438 

Ifoot , 0.30480 



Metre. 

linch 0.0254 

39.3708 inches 1 1.0000 



TROY WEIGHT. 
Lb. Oz. Dwt. Grs, Grammes. 

1 = 12 = 240 = 5,760 373.2419 

1 20 480 : 31.1035 

1 24 1.5552 

1 0.0648 

AVOIRDUPOIS WEIGHT. 
Gross 
ton. Cwt. Qr. St. Lbs« Kilogrammes. 

1 = 20 = 80 = 160 = 2,240 1,016.00 

14 8 112 50.80 

1 2 28 12.70 

1 14 6.35 

Oz. Dr. Grs. Troy. Grammes. 

1 = 16 = 256 = 7,000.00 453.5926 

1 . 16 437.50 28.3495 

1 27.34 1.7718 

1 net ton = 2,000 lbs 907 kilogrammes. 

apothecaries' weight. 

Lb. Oz. Dr. Scruples. Grains. Grcunmes. 

1 = 12 = 95 = 288 = 5,760 373.2419 

II 8 24 480 81.1035 

31 3 60 3.8879 

Si 20 1.2960 

0.0022 lb. Av. = 0.03537 oz. Av. = 15.4323 grs 1 gm. 

Lbs. Av. Grammes. 

Icu. ft. water at 62° F. = 62.3550 28,315.0000 

lcu.in. ** " ** 0.0361 16.8862 

— Watts' s Dictiona'njy V., 1010. 
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TABLE OF ATOMIC WEIGHTS. 



Revised by a F. CHANDLER and F. G. WIECHMANN, 

OCTOBER, 1881. ' 



Aluminiam, 

AnUrrumy^ 

Arsenic^ 

Barimn, 

Bismuth^ 

BoroHy 

Bromine^ 

Oadmiam, 

Gamumy 

Calcium^ 

Carbon^ 

Cerium^ 

Ghioriney 

Ghromioixi) 

Cobalt, 

Golufninum^ 

Copper, 

DavyuiD, 

Didymiun^ 

Erbium^ 

Fluorine^ 

OaUtuniy 

Glacinum) 

Gold, 

Hydrogen^ 

IndiuTHf 

Iodine, 

Iridium, 

Iron, 

Lantluinum^ 

Lead, 

Lithium^ 

Magnesium, 



AL 

8b. 

As. 

Ba. 

Bi 

B. 

Br. 

Cd. 

Cs. 

Ca. 

G. 

Oe. 

CI 

Cr. 

Co. 

Gb. 

Cu. 

IX 

B. 

R 

Oa. 

Gl. 



IV. 
V. 
V. 
11. 

V. 

m. 

I. 

n. 

1 

II. 

IV. 

in. 
I. 

VI. 
VI. 

V. 

IL 

m. 

III. 

I. 

III. 

IL 



Au. m. 



K 

In. 

L 

Ir. 

Fe. 



I. 

III. 

I. 

n. 

VL 



La. III. 
Pb. II. 
Li. I 
Mg. IL 



270 

1200 

74-9 

1368 

2100 

110 

79-7 

112 

133 

40 

12 

141-2 

35-4 

52-4 

59 

94 

631 

154 

1470 

169 

19 

69-9 

9-2 

196-2 

10 

113-4 

126-5 

198 

56 

139 

2070 

70 

24-0 



Maganese, 
Mercury, 
Molybdenum, 
Nickel, 
NUrogen, 
Oemium., 
Oxygen, 
l^alladium, 
Phosplwrus, 
Platinum, 
Potamum, 
Bhodium, 
RyMdinm, 
Ruthenium, 
Selenium, 
•Silicon, 
SHeer, 
Sodmrn^ 
•Strontium, 
^Sulphur, 
Tantalum, 
Tellurium, 
ThaUium, 
Thorium, 
Tin, 

Titanium, 
Tungsten, 
Uranium, 
Vanadium, 
Yttrium, 
Zinc, 
^Zirconium, 



Mn% 

Hg. 
Mo. 

Ni. 
N. 



VL 

II. 

VL 

VL 

V. 



Os. IL IV. 



O. 

Pd. 

P. 

Pt. 

K. 

Ra 

Rb. 



IL 
IV. 

V. 
IV. 

L 
IV. 

L 



Ru, II. IV, 



Se 

Si. 

Ag. 

No. 

Sr. 

a 

To. 
Te. 
Tl. 
Th. 
Sn. 
Ti. 



IL 

IV. 

L 

I. 

IL 

IL 

V. 

IL 

L 

IV. 

IV, 

IV. 



W. IV. VL 



U. 

V. 

Y. 

Zn. 

Zr. 



VL 
V. 

nL 

IL 
IV. 



55 

200 
96 
59-0 
14-0 

199-0 
16 

106 
310 

197-0 

89 
104 j 

85-0 
104 

79 

28 
108 

23 

87^5 

32 
182-0 
128 
204 
231-5 
1180 

500 
184-0 
240-0 

51-2 

600 

65 

90 



Note, — ^The Artiads are printed in Roman, the Perissads in 
Italics. 
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TABLE OF SPECIEIC O&AVmES CORRBSPONDINa WITH DEaRlES BEAX7M& FOR 

LIQUIDS LIOHTELi THAN WATER. 

The following is taken from the United States Dispensatory (Wood and 
Bache). La that volume three different values are given for the value of 
degrees Beaume in specific gravities. Those which follow were from the 
French CJodex : 



Deff. 


Specific 


B. 


gravlly . 


10.. . 


1.000 


11.. . 


0.993 


12.. . 


0.986 


13.. . 


0.979 


14.. . 


0.973 


15.. . 


0.966 


16 . 


0.960 


17.. . 


0.953 


18.. . 


0.947 


19.. . 


0.941 


20.. . 


0.935 


21.. . 


0.129 


22.. . 


0.923 


23.. . 


0.917 


24.. . 


0.911 


25.. . 


0.905 


26.. . 


0.900 



Deg. 


Specific 


B. 


gravity. 


27... 


0.894 


28... 


0.889 


29... 


0.883 


30... 


0.878 


31... 


0.872 


82... 


0.867 


«i3... 


0.862 


34... 


0.857 


oo. . . 


0.852 


36. . . 


0.847 


37... 


0.842 


oo. . • 


0.837 


Oa, . . 


0.832 


40... 


0.827 


41... 


0.823 


42... 


0.818 


43... 


0.813 



Deg. 


Specific 


B. 


gravity. 


XrJt • • • 


0.809 


45... 


0.804 


46... 


0.800 


47... 


0.795 


48... 


0.791 


49... 


0.787 


50... 


0.783 


51... 


0.778 


52... 


0.774 


53... 


0.770 


54... 


0.766 


55. . . 


0.762 


56. . . 


0.758 


57... 


0.754 


58. . . 


0.750 


OVm . . 


0.746 


60... 


0.742 



Deg. 


Specific 


B. 


gravity. 


61... 


0.738 


62... 


0.735 


63. . . 


0.731 


64... 


0.727 


65. . . 


0.724 


66... 


0.720 


67... 


0.716 


68. . . 


0.713 


69... 


0.709 


70... 


0.706 


71... 


0.702 


72... 


0.699 


73. . . 


0.696 


74... 


0.692 


75... 


0.689 


76... 


0.686 


77... 


0.682 



The specific gravity may be calculated from the formula : 

144 



Sp. gr. = 



:b*c 






B ^4- 134. 

For specific gravities corresponding with degrees B. for liquids heavier 
than water, see Table of values of Sulphuric acid. 
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TABLB OF VALUES OF SULPHUEIC ACID. 

A. H. Elliott, Proc. Am. CJiem, 5oc., IL, p. 26, adopted by Manufac- 
turing Chemists' Assoc. See Dingier, GCIX., 268. Tables taken from 
Kolbe & Rcsenstiehl's results, BtUletin de la Soc. Ind. de Mulkouse, July 
and August, 1872, pp. 209 and 238. 



DCGRETCS BKAtmi. 


Specific Per cent 
gi-avity. HgS04. | 


Degrbbs Bbaxtmb. 


Specific 
gravity. 

1.809 
1.817 
1.334 
1.342 
1.359 
1.368 
1.383 
1.395 
1.418 
1.422 
1.441 
1.451 
1.470 
1.480 
1.500 
1.510 
1.531 
1.541 
1.562 
1.573 
1.594 
1.610 
1.627 
1.650 
1.661 
1.683 
1.705 
1.727 
1.747 
1.767 
1.793 
1.814 
1.835 


Per c'nt 
HaSO*. 


1 


1.005 


0.93 

1.87 I 

3.74 1 

4.67 

5.61 

6.54 

7.48 i 

8.41 

9.35 

10.28 

12.15 

13.09 

14.03 

14.96 

15.89 

16.83 

18.70 

19.68 

20.57 

21.50 

23.37 

24.31 

25.24 

27.11 

23.05 

29.98 

80.85 

81.79 

83.66 

84.59 

35.53 

37.40 

38.33 


84 


40.20 


a 


1.011 
1.023 
1.029 
1.036 
1.043 
1.050 
1.057 
1.064 
1.071 
1.086 
1.093 
1.100 
1.107 
1.114 
1.128 
1.136 
1.143 
1.150 
1.158 
1.173 
1.179 
1.186 
1.201 
1.208 
1.216 
1.231 
1.238 
1.254 
1.263 
1.269 
1.285 
1.293 


35 


41.14 


8 


36 


48.01 


4 


87 


48.94 


6 


88 


45.81 


6 


39 


46.75 


7 


40 


48.62 


8 


41 


49.55 


9 


42 


51.42 


10 


48 

44 


52.80 


11 


54.23 


12 


45 


55.16 


18 


46 


57.03 


14 


47 


57.97 


15 


48 

49 


59.84 


16 


60.77 


17 


50 


63.64 


18 


61 


63.58 


19 


52 


65.45 


20. 


53 


66.88 


21 


54 


68.25 


82 


55 


70.12 


23 


63 


71.03 


24 


67 


72.98 


25 


68 


73.83 


26 


59 


75.73 


27 


60 

61 


77.60 


28 


79.47 


39 


63 

63 


81.34 


30 


83.21 


31 


61 


86.02 


3"^ 


65 


83.82 


33 


66 


93.50 








1 .i4r 






^' ^ M.T^ } 


i«vr 





i^-r « oa* 



^T' i^' 
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16" (URE). 




- ■ ~ r 


Specific 


Per cent 


Specinc 


Per cent j 


Specific 


Per cent 


ffravity. 


IICl. 


gravity. 


HCL 1 

i 


gravity. 


HCl. 


1.2C00 


40.777 


1 . 1328 


23.913 


1.0687 


13.049 


1.1983 


40.369 


1.1308 


26.505 


1.0617 


12.641 


1.1964 


39.961 


1.1287 


26.098 


1 . 0597 


12.233 


1.194C 


39.554 


1.1267 


25.690 


1.0577 


11.825 


1.1G20 


39.146 


1.1247 


25.282 


1.0557 


11.418 


1.1910 


38.730 


1.12.6 


24.874 


1.0537 


11.010 


1.1893 


38.330 


1.1206 


24.466 


1.0517 


10.602 


1.1875 


37.923 


1.1185 


24.058 


1.0497 


10.194 


1.1857 


37.516 


1.1164 


23.650 


1.0477 


9.786 


1.184G 


37.100 i 


1.1148 


28.2d2 


1.0457 


9.379 


1.1822 


36.700 


1.1123 


22.834 


1.0437 


8.971 


1.1802 


38.292 


1.1102 


22.426 


1.0417 


8.563 


1.1782 


35.884 


1.1082 


22.019 


1.0397 


8.155 


1.1762 


35.476 


1.1061 


21.611 


1.0377 


7.747 


1.1741 


35 . 068 


1.1041 


21 . 203 


1.0357 


7.340 


1.17^^1 


34.660 


1.1020 


20.796 


1.0337 


6.932 


1.1701 


34.258 


1.1000 


20.388 


1.0318 


G.524 


1.1681 


33.845 


1.0980 


19.980 


1.0298 


6.116 


1.1661 


33.437 


1.0960 


19.572 


1.0279 


5.709 


1.1641 


33.029 


1.0939 


19.165 


1.0259 


5.801 


1.1620 


32.621 


1.0919 


18.757 


1.0289 


4.898 


1.1599 


32.213 


1.089d 


18.349 i 


1.0220 


4.486 


1.1578 


31 . 805 


1.0879 


17.941 


1.0200 


4.078 


1.1557 


31 . 398 


1.0857 


17.534 


i.oieo 


3.670 


1.1537 


30.990 


1.0838 


17,126 


1.0160 


3.262 


1.1515 


30.582 


1.0818 


16.718 i 


1.0140 


2.854 


1.1494 


30.174 


1.0798 


16.310 1 


1.0120 


2.447 


1.1472 


29.767 


1.0778 


15.902 i 


1.0100 


2.039 


1.1452 


29.359 


1.0758 


15.494 : 


1.0080 


1.681 


1.1481 


23.951 


1.0738 


15.087 


1.0060 


1.124 


1.1410 


28.544 


1.0718 


14.679 


1.0040 


0.816 


1.1389 


28.186 


1.0697 


14.271 


1.0020 


0.408 


1.1369 


27.728 


1.0677 


13.863 






1.1349 


27.321 


1.0657 


13.456 







TABLES. 



267 



TABLE SHOWING THE AMOTINT OP NITRIC ACiD (HNOo) CONTAINED IN SOL.r- 
TIONS OF DIFFERENT SPECIFIC GRAVITIES. TEMP., 15** (URE). 



HI>TO, 
per cent. 


Specific 
gravity. 


HNO, 
per cent 


Specific 
gravity. 

1 


HNOa 
percent. 


Specific 
gravity. 


100 

99 

98 

97 

^:s 


1.5000 

1.4980 

1.4960 

1.4940 

1.4910 

1.4880 

1.4860 

1.4820 

1.4790 

1.4760 

1.4730 

1.4700 

1.4670 

1.4640 

1.4600 

1.4570 

1.4530 

1.4500 

1.4460 

1.4424 

1.4385 

1.4346 

1.4306 

1.4269 

1.4228 

1.4189 

1.4147 

1.4107 

1.4065 

1.4023 

1.3978 

1.3945 

1.8882 

1.3833 


60 

65 

64 

63 

62 

61 

CO 

69 

58 

67 

56 

55 

51 

53 

52 

51 

50 

49 

48.., 

47 

46 

45 

44 

43 

41 

40 

39 

38 

87 

36 


1.3783 

1.3732 

1.3681 

1.3630 

1.3579 

1.3529 

1.3477 

1.3427 

1.8376 

1.3323 

1.3370 

1.3316 

1.3163 

1.3110 

1.3056 

1.3001 

1.3947 

1,2887 

1.2826 

1,2765 

1.2705 

1.2644 

1.2583 

1.2528 

1.2462 

1.2402 ; 

1.2341 

1.2277 

1.2212 

1.2148 

1.2084 

1,2019 

1.1958 


33 

32 

31 

30 

29 

28 


1.1895 
1.1833 
1.1770 
1.1709 
1.1648 


95 


1.1587 


94 

93 


27 

20 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 ; 

13 1 

11 ! 

10 

9 

8 

7 

G 

5 

4 

3 

o 

V. . . . . .... 

1 


1.1526 
1.1465 


92 


1.1403 


91 


1.1345 


90 


1,1286 


89 


1.1227 


ss 

87 


1.1168 
1.1109 


86 

85 

84 

83 


1.1051 
1.0998 
1.0935 

1.0878 


82 

81 

80 .,. 

79 


1.0821 
1.0764 
1.0708 
1.0651 


78 

77 

76 

75 

74 

73 

72 

71 

70 


1.0595 
1.0540 
1.0485 
1.0480 
1.0875 
1.0320 
1.0267 
1.0213 
1.0159 


69 

68 


35 

34 


1.0106 
1.0053 


67 
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TABLE OF SFECIFIO GBJLTITY OF SOLUTIONS OF CBYSTALLIZED TARTARIC 
ACm IN WATER. TBIMP., 15% WATER AT 15" = 1. 

Geblach, **SPK0in8CHS Gewxchtb deb Salel^Ssunoen.** 



Per cent. 


Cpeciflc 


per cent. 


Bpeciflo 


Per cent. 


Specific 




grayity. 




gravity. 


1 
33 


gravicy. 


1 


1.00450 


20 


1.09093 


1.20190 


2 


1.00900 


21 


1.10200 


40 


1.20785 


3 


1.01860 


I 22 


1.10720 


41 


1.21380 


4 


i. 01790 


28 


1.11240 


4' 


1.21980 


5 


1.02240 


24 


1.11750 


43 


1.22590 


6 


1,02730 


25 


1.12270 


44. 


1,23170 


7 


1 .03220 


26 


1.12820 


45 


1,23770 


8 


1.0S710 


27 


1.13380 


46 


1.24410 


9 


1.04200 


28 


1.13930 


47 


1.25040 


10 


1.04692 


29 


1.14490 


48 


1,25680 


11 


1.05170 


! 80 


1.15047 


49 


1.26320 


12 


1.05650 


81 


1.15600 


60 


1.26962 


13 


1.08130 


82 


1.16150 


61 


1.27620 


14 


1.06620 


33 


1.16700 


52 


1.28280 


15 


1.07090 
1.07610 
1.08130 


84 

35 


1.17260 
1.17810 
1,18400 


53 


1.28940 


16 


54 

55 


1 .29610 


17 


36 


1.30270 


18 


1.08650 


37 


1.1900O 


66 


1.30930 


19 


1.09^70 


33 


1.19590 


vl**«*« ••• 


1.31590 



■BABLB OP SPECIFIC GRAVrTY OP SOLUTIONS OP CRYSTALLIZED CITRIO ACID 

IN WATER. TEMP., 15**. WATER AT 15° = 1. 

Gbrlach, " SpKCiwscHifi Qewichtk DBB SALEI/)SU2:GEN,'* 



Per cent. 



1 

2, 

8, 

4. 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 



Speeiflo 
gravity. 



1.00370 
1.00740 
1.01110 
1.01490 
1.01860 
1.02270 
1.02680 
1.03090 
1.0350 J 
1.03916 
1.04310 
1.047C0 
1.05090 
1.05490 
1.058 
1.06320 
1.06750 
1.07180 
1.07620 
1.08052 
1.08480 
1.08890 



Per cent. 



23 
24 
25 
23 
27 
23 
29 
30 
Gl 
82 
33 
34 
C5 
SO 
37 
38 
39 
40 
41 
43 
43 
44 



Spedfto 
gravity. 



1.09300 
1.09720 
1.10140 
1.10600 
1.11060 
1.11520 
1.11980 
1.12439 
1,12880 
1,13830 
1.13780 
1.14220 
1.14670 
1.15150 
1,15640 
1.16120 
1.16610 
1.17093 
1,17560 
1.18140 
1.18510 
1 . 18990 



Per cent. 



45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
50 
57 
53 
59 
60 
61 
62 
03 
64 
65 
66 



Speflfle 
gravity. 



1.19470 
1.19980 
1.205:0 
I ,21030 
1.2 530 
1.22041 
1.22570 
1.23'^70 
1.23590 
1.24100 
1,24620 
1.25140 
1.25720 
1.26270 
1.26830 
1.27382 
1.27940 
1.28490 
1.29040 
1 . 29600 
1.30150 
1.30710 
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TABLE OP SPEGQIO GRAVITY OF SOLUTIONS OP ACETIC 


ACID. 


TEMP., 15^ 


C8H4 




CaH4 




CaH4 




CH4 




Oaper 


Specific 


Oaper 


Specific 


Oaper 


Specific 


Oaper 


Specific 


cent. 


gravity. 


cent. 
26.. 


gravity. 


cent. 
51.. 


gravity. 


cent. 


gravity. 


0... 


1.0000 


1.0363 


1.0623 


76.. 


1.0747 


1... 


1.0007 


27.. 


1.0375 


52.. 


1.0631 


77.. 


1.0748 


/& • . . 


1.0022 


28.. 


1.0388 


53.. 


1.0638 


78.. 


1.0748 


8. . . 


1.0037 1 


29.. 


1.0400 


54.. 


1.0646 


79.. 


1.0748 


4... 


1.0052 


30.. 


1.0412 


55.. 


1.0658 


80.. 


1.0748 


6. . . 


1.0067 


31.. 


1.0424 


56.. 


1.0660 


81.. 


1.0747 


6. . . 


1.0083 


32.. 


1.0486 


57.. 


1.0666 


82.. 


1.0746 


7... 


1.0098 


33.. 


1.0447 


58.. 


1.0673 


83.. 


1.0744 


0. . . 


1.0113 


34.. 


1.0469 


59.. 


1.0679 


84.. 


1.0742 


V . . . 


1.0127 


35.. 


1.0470 


60.. 


1.0685 


85.. 


1.0739 


10... 


1.0142 


36.. 


1.04S1 


61.. 


1.0691 


86.. 


1.0736 


11... 


1.0157 


37.. 


1.0492 


62.. 


1.0697 


87.. 


1.0731 


12... 


1.0171 


38.. 


1.0502 


63.. 


1.0702 


88.. 


1.0726 


13... 


1.0185 


39.. 


1.0513 


64.. 


1.0707 


89.. 


1.0720 


14... 


1.0201 


40.. 


1.0523 


65.. 


1.0712 


90.. 


1.0713 


15... 


1.0214 


41.. 


1.0533 


66.. 


1.0717 


91.. 


1.0705 


16... 


1.0228 


42.. 


1.0543 


67'.. 


1.0721 


92.. 


1.0696 


17... 


1.0242 


43.. 


1.0562 


68.. 


1.0725 


93.. 


1.0686 


18... 


1.0266 


44.. 


1.0562 


69.. 


1.0729 


94.. 


1.0674 


19... 


1.0270 


45.. 


1.0571 


70.. 


1.0733 


95.. 


1.0660 


20... 


1.0284 


46.. 


1.0580 


71.. 


1.0737 


96.. 


1.0644 


21... 


1.0298 


47.. 


1.0589 


72.. 


1.0740 


97.. 


1.0625 


22... 


1.0311 


48.. 


1.0598 


73.. 


1.0742 


98.. 


1.0604 


23... 


1.0324 


49.. 


1.0607 


74.. 


1.0744 


99.. 


1.0580 


24... 


1.0337 


50.. 


1.0815 


75.. 


1.0746 


100.. 


1.0553 


25... 


1.0350 















TABLE SHOWING THE PERCENTAGE OP AMMONIA (NHs) CONTAINED IN 
SOLUTIONS OP DIPPERENT SPECIFIC GRAVITIES. TEMP., 14" (CARIUS). 





Am- 




Am- 


i 


Am- 




Am- 


Specific 


monia^ 


Specific 


monia, 


1 SjDecific 


monia, 


Specific 


monia, 


gravity. 


per 


gravity. 


per 


1 gravity. 


per 


gravity. 


per 




cent. 




cent. 




cent. 




cent. 


0.8844 


36 


0.9052 


27 


0.9814 


18 


0.9631 


9 


0.8864 


85 


0.9078 


26 


0.9847 


17 • 


0.9670 


8 


G.8885 


84 


0.9106 


25 


0.9880 


16 


0.9709 


7 


0.8907 


38 


0.^133 


24 


0.9414 


15 


0.9749 


6 


0.8929 


32 


0.9162 


23 


0.9449 


14 


0.9790 


5 


0.8958 


31 


0.9191 


22 


0.9484 


18 


0.9831 


4 


0.8976 


30 


0.9221 


21 


0.9520 


12 


0.9878 


8 


0.9001 


29 


0.9251 


20 


0.9556 


11 


0.9915 


2 


0.9026 


28 


0.9283 


19 


0.9593 


10 


0.9959 


1 
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TABUfi SHOWIKa THE AMOUNT OF K,0 IN POTAfiSA LYE OP DIFFERENT 

SPECIFIC GRAYITIES. TEMP., 17.5". 

HoinUN, SCHAXDLBB, *'T.ftBBLLBN TOR CHXMinER,*' P. 119. 



KaO 




K,0 




K,0 




KaO 




per 


Specific 


per 


Specific 


per 


Specific 


per 


Specific 


cent. 


gravity. 


cent. 


gravity. 


cent. 


gravity. 


cent. 
12. 


gravity. 


45. 


1.576 


34. 


1.414 


28. 


1.269 


1.135 


44.5 


1.568 


33.5 


1.407 


22.5 


1.263 


11.5 


1.129 


44. 


1.560 


38. 


1.400 


22. 


1.257 


11. 


1.123 


43.5 


1.553 


32.5 


1.893 


21.5 


1.250 


10.5 


1.117 


43. 


1.545 


32. 


1.386 


21. 


1.244 


10. 


1.111 


42.5 


1.587 


31.5 


1.379 


20.5 


1.288. 


9.5 


1.105 


42. 


1.530 


31. 


1.872 


20. 


1.231 


9. 


1.099 


41.5 


1.522 


30.5 


1.865 


19.5 


1.225 


8.5 


1.094 


41. 


1.514 


30. 


1.358 


19. 


1.219 


8. 


1.088 


40.5 


1.507 . 


29.5 


1.352 


18.5 


1.213 


7.5 


1.082 


40. 


1.500 


29. 


1.345 


18. 


1.207 


7. 


1.076 


39.5 


1.492 


28.5 


1.389 


17.5 


1.201 


6.5 


1.070 


39. 


1.484 


28. 


1.882 


17. 


1.195 


6. 


1.065 


38.5 


1.477 


27.5 


1.326 


16.5 


1.189 


5.5 


1.059 


88. 


1.470 


27. 


1.820 


16. 


1.183 


5. 


1.054 


87.5 


1.463 


26.5 


1.813 


15.5 


1.177 


4.5 


1.048 


37. 


1.456 


26. 


' 1.807 


15. 


1.171 


4. 


1.042 


36.5 


1.449 


25.5 


1.801 


14.5 


1.165 


8.5 


1.037 


86. 


1.442 


25. 


1.294 


14. 


1.159 


8. 


1.031 


85.5 


1.435 


24.5 


1.288 


13.5 


1.153 


2.5 


J. 026 


35. 


1.428 


24. 


1.282 


13. 


1.147 


2. 


1.021 


84.5 


1.421 


23.5 


1.275 


12.5 


1.141 


1.5 


1.015 



TABLE SHOWING THE SODIUM OXIDE (NaaO) IN SODA LYES OP DIFFERENT 



SPECIFIC GRAVITIES. 

• 



TEMP., 17.5^ 



HOXTUANScHAEDLEB, "TaBBLLEN FDR ChEHIK£R.' 



NaaO 

per 

cent. 


Specific 
gravity. 


NaaO 

per 

cent. 


Specific I 
gravity. 1 


NaaO 

per 

cent. 


Specific 
gravity. 


NaaO 

per 

cent. 

12.5 


Specific 
gravity. 


85. 


1.500 


27.5 


1.389 


20. 


1.281 


1.174 


84.5 


1.492 


27. 


1.882 


19.5 


1.274 


13. 


1.167 


34. 


1.485 


26.5 


1.875 


19. 


1.2 6 


11.5 


1.160 


33.5 


1/477 


26. 


1.367 


18.5 


1.259 


11. 


1.153 


83. 


1.470 


25.5 


1.360 


18. 


1.252 


10.5 


1.140 


32.5 


1.463 


25. 


1.853 


17.5 


1.245 


10. 


1.189 


82. 


1.455 


24.5 


1.345 


17. 


1.238 


9.5 


1.182 


81.5 


1.448 


24. 


1.338 


16.5 


1.231 


9. 


1.125 


81. 


1.440 


23.5 


1.381 


16. 


1.224 


8.5 


1.118 


80.5 


1.483 


23. 


1.324 


15.5 


1.217 


8. 


1.111 


80. 


1.426 


22.5 


1.317 


15. 


1.210 


7.5 


1.104 


29.5 


1.418 


22. 


1.309 


14.5 


1.208 


7. 


1.097 


29. 


1.411 


21.5 


1.302 


14. 


1.195 


6.5 


1.090 


28.5 


1.404 


21. 


1.295 


13.5 


1.188 


6. 


1.083 


28. 


1.896 


20.5 


1.288 


13. 


1.181 


5.5 


1.076 
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TABLE OP SPECIFIC QRAVITY OP SOLTTTrONS OP SODIUM CHLOEaDE AT 15*. 

WATER AT 15° = 1. 



QbRULOH. " SFIBCXFiSCHK GSWICBni DER Salzx^sunosv." 


Per cent. 


Specific fprarity. 


Per cent. 


Specific gravity. 


1 


1.00725 
1.01450 
1.02174 
1.02899 
1.03624 
1.04366 
1.06108 
1.05851 
1.06593 
1.07336 
1.08097 
1.08859 
1.0962^ 


14 


1.10384 


2 


15 


1.11146 


8 


16 


1.11938 


4 


17 


1.1273rt 


5 


18 


1.13523 


6 


19 


1.14315 


7 


20 


1.16107 


8 


21 


1.15931 


9 


22 


1.16755 


10 


28 


1.17580 


11 


24 


1.18404 


12 • •• '. 


25 


1.19228 


13 


26 


1.20098 









TABLE SHOWma THE PERCENTAGE OF AMMONIUM CHLORIDE IN SOLUTIONS 
OF DIFFERENT SPECIFIC GRAVITIES. TEMP., 15°. WATER AT 15° = 1. 











Gbulacu, " Specifibcuu Gbwicutju dbr Salzlobunoen." 


Per cent. 


Specific gravity. . 

1 


1 

' Per cent 


Specific gravity. 


1 

2 


1.00316 
1.00632 
1.00948 
1.01264 
1.01580 
1.01880 
1.02180 
1.02481 
1.02781 
1.03081 
1.03370 
1.03658 
1.03947 


14 

15 


1.04325 
1.04624 


8 


16 


1.04806 


4 


17 


1.05086 


6 


18 


1.05367 


6 


19 


1.05648 


7 


20 


1.05929 


8 


21 


1.06204 


9 


22 


1.06479 


10 


23 


1.06754 


11 


24 


1.07029 


12 


25 


1.07304 


18 


26 


1.07375 
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■•• oxideiBrona8) , »„.. 147 

Steel Analysis 102 

Strontium in Limestone 1B4 

*' m Mineral water » 189 

Sugar in Flour 247 

•• in Milk ..,.^..., 2:« 

" inverted ». !.. ...£27 

" Raw 1 Analysis) 1 26 

" nit mat3 Analysis 2:31 

Sulphite Aluminum Potassium (Analy l"]. 26 
•• Ammonio Copper, Klefer's Solu- 
tion 76 

" Ammonio Fen'ic 'Anal. ) 4a 

Barium 12, 18 

" in Paint 168 

Calcium (Preclpit td) 21 

•• InPalnt 108,170 

in Soap 2:4 

in Sodium Jlcarbonate 2:6 

Lead In Paint 168, 170 

" BIae:nesium Analysis 17 

Pola slum Acid (Reagent) 87 

Sulphite Sodium rReagent) 8^ 

Sulpho- Stannate, Sodium 143 

Sulphuric Acid (Reagent) 11 

Half Normal. . . ., ..Hi 

in Guano 2-'4 

lhMgS04 « 18 

in Mineral Water :8 i 

in Superphobp'. at?.-.-*^ 20 

'* In Water 175 

" Strength of (Table) lec 

Anhydrite. (See Sulphuric Acid.) 
Sulphur Compounds in Mineral Waters. ... 105 

■•• In Coal 288 

In Cast Iron, etc 114, 116 

InOalena 144 
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SuIphttrinQas 840 

" In Iron Ore *.» 60, 90 

** InLimwtone d2 

InReflnedLead 165 

'* Waters (Analysis) l04 

Superphosphate of Lime (Analysis) 107 

T 

Tabl** for Oalcolatlmg Water Analyseft 183 

Table for Scheibler's Apparatus 283 

Tables of Weights and Measures 4358 

Tai taric Acid, Strength of (Table) 268 

Tin In Bronze 147 

*' in Cast-Iron, etc 116 

" in Refined Lead 158 et 8eq. 

" InTyi^eJ'etal...... 165 

" Ore Analysis 14 5 

Titanium in Cast Iron, etc 102 

InClay 67 

" inlronOre 85.91, 97 

Titration. (See Volumetric.) 

Total Solids in Mineral Water 184 

Troy Weight 26$ 

Tungsten in Iron Ores 100 

Turpentine, Ultimate Analysis 233 

Type Metal Analysis 9. 454 

u 

Ultimate Analysis of Coal 240 

" *• cf Sugar 231 

" " of Turpentine 288 

Uranium Solution, Volumetric 201 

United States and French Welftbts and 
Measures (Tables). 269 

V 

Valvi. Kroonig 42 

Van dium lb Cast-iron, etc li^ 

'• in Iron Ores 90 

Vinegar Analysis .^ 213 

Volauie and Organic Matti r in Water 173 

" Combustible in Cobl iSS 

Volumetric Determination of Chlorine 175 

Volumetric ^determination of (. hlorlne in 

Chlorides £18 

Volumetric Determination of Iron 41 

Volumetiic X)etermination of Phosphoric 

Acid 2D1 

Volumetric Determination of Zinc l25 

Volume t>f Coal, Weight of 280 

w 

Water Chh rJne (Reagent) 85 

Water Determination, Direct, by Absorp- 
tion 88 

\Vater Determination, by Loss 1 6) 10, 80 

" Distilled for Water Analysis 180 

" Fresh, or Potable Analysis 178 

•• nardnes.s" of ITB 

" in Barium Chloride, etc 16, :9, 30 

InClay 67 

" mCoal 88 

•* in Feldspar 57 

in Hour ^.... ....267 
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Water Inaoano 224 

•• inlionOre 07 

** In Llmettone B8 

InHllk 204 

In Raw Sugar S29 

In Soap 264 

In Sodium Bicarbonate 215, 210 

in Superphosphate of Lime 802 

Mineral (Analysis) 184 

Waters, Saratoga 194 

•• SnliAur .194 

•• Washing 8 

Weighing 6 

Weights and Measures, United States and 
Vrench (Tables). 854 
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Welter's Law 841 

Witherlte in Paint 108 

Wroui^t-Iron Analysis 108 

z 

Zinc, Amalgamated 45 

•• InBronze 148 

" in Cast-iron, etc 117 

" in German Silver 140 

•• inlronOre 96 

** in Nickel Ores 184 

" in Refined Lead 159 et aeq, 

*• OxideinPaint 170 

" Ore Analysis 128 

** Volumetric Determination 185 
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COLU MBIA COL LEGE. 

js'jLOTTTyjrsr. 

F. A. P. BARNABD, S. T. D., LL. D., L. H. D.. President. 

THOMAS EGLESTON, E. M., Ph. Dm LL. D Mineratoffy and MttaOmrtn/ . 

CHARLES F. CHANDLER, Ph. D., v. D., LL. D General and Applied Cfkemittry. 

WILLUlM G. peck, LL. D.. Ph. D Meohanioa. 

JOHN H. VAN AMRXNOE, A. H., Ph. D JUathemaUce. 

OaDEN N. ROOD, A. M Fhyaioe. 

JOHN S. NEWBERRY, M.D.,LL.D Geology and PoLkBontology. 

WILLIAM P. TROWBRIDGE. A. M., Ph. D Engineering. 

WILLIAM R. WARE, S. B Arohitectwrt. 

HENRY S. MtTNROE, E. M., Ph. D Adj. Prof, of Surveying and PraoUoal Mining, 

IN-SXJaXTOTORS. 

ALEXANDER L. HOLLEY, C. E., LL. D Lecturer on the Metallurgy of Iron and Steel 

FREDERICK STENGEL, A. M Gennan 

JULBSE LOISEAU.A.B., LL.B SVenoh. 

JOHN K. REES, A. M., E. M Astronomy and Geodesy. 

BLWYN WALLER* A. M., E. M., Ph. D Analytical Chemietry. 

PIERRE DB P. RICEETTS, E. M., Ph. D Aaaaying. 

WILLIAM PISTOR, E, M Drawing. 

FREDERICK R. HUTTON, E. M., Fb. D Mechanical Sngineertng. 

JAMES S.C. WELLS, Ph. D Analytical Chemistry 

JASPER T. GOODWIN, A. B Mathematioe. 

ALEXIS A. JULIEN, A.M Analytical Chemistry. 

CHARLES A. COLTON, E. M Mi-nercOogy. 

LOUIS H. LAUDY, Ph. D GenercU Chemistry. 

NATHANIEL L. BRITTON, E. M., Ph. D Geology and Palasontology 

HENRY C.BOWEN Analytical Chemis^. 

CHARLES H. TORREY. Ph. B Analytical Chemistry. 

ALFRED D. CHURCHILL, A.M., E. M.. Ph. B DrauHrig. 

ALFRED L.BEEBE, Ph. B , Assaying. 

WILLIAM W. SHARE. Ph. B Physics. 

GEORGE F. FISHER Registrar. 

ROBERT M. RICKETTS Aaa^t Registrar. 

WILLIAM G. BAKER Librarian. 

The plan of this Sohoul embraces six four-year courses for the Degree of Engineer of Mines, 
Civil Engineer, or Bachelor of Philosophy, vis : 

I. Mining Engineering. IL Civil Engineering. III. Metallurgy. IV. Geology and Natural 
History. V. Analytical and Applied Chemistry. VL Architecture. 

There is a supplementary year of Instruction for the degree of Doctor of Philosophy. 

Bequiienumts for Admi^sioa 

Candidates for the first class must be seventeen years of age, and must pass a satisfactory 
examination in the general principles of English Grammar, and ou Uie elements of Composi- 
tion and Rhetoric, equivalent to the amount contained in Quackenbos's Treatise ; in History, 
equivalent to Freeman's History of England and Patten's History of the United States; in 
Physical Geography, equivalent to Guyot's Treatise; in Free Hand Drawing, equivalent to 
amount now required in the first year; in Arithmetic, including the metric system of weights, 
measures, and moneys ; in Algebra, the first ten chapters of Peck's Manual of Algebra: In Geom- 
etry, on the first six books of Dp.vles'Legendre; in French, on the equivalent of twenty-five 
lessons of Jewett's Ollendorff Grammar; and In German, on the equivalent of twenty lessons 
of Otto's Gterman Grammar. 

Candidates for advanced standing must pass a satisfactory examination upon the studies 
named above, and also upon those pursued by the class which they propose to enter. 

EXPENSES. 

The fee for the full cou'-se, including instruction, use of laboratories, apparatus, chemicals, 
drawing-room, and students' coUectit >n of minerals, is $200 per annum. 

Whenever it appears to the satisfactloa of the President and Treasurer of the College that 
a student desires to pursue the studies of the school, but Is unable to pay the fees, he may be 
admitted without charge. 

For Catalogues containing ail necessary information with regard to the school, apply to 

0. r. OEAHDLEB, Dean of the Faoolty, 

50tli Street, corner 4tli. ATenue, Neir York. 



Assaying, School, and Laboratory AppEiratas, 

CHEmOAL AND FHTBIOAIj FBENCH AND BOH&IQAK 

GLA.SS nsrSTETJMEJSrTS, 

Bojral and Saai-Poroekh Tesseli in Great Variety, 

^atroteoptt, PtitaritatUm Apparalut, Bi*iiJpht<U Carbon JVimw, G«(nlar 

nibn, tte. 

N. T. AGENT FOR TEOEMNEE'S BALANCES AND WEiaHTS. 

I> X. J^ T I :N' TJ ]M . 

OBTTOIBLIS, OAFSUIiES, T0NQ8, WIEB, FOIL, Etc, Eta 

Rare Chemicals, Choice and Rare Reagsnts, C. P. Acid* and Salt). 

TSnUXRAIS AND FOSSIXS, BLOWPIPE TOOLS, Etc. 

At the Ii«ree Depot of 

E. B. BEXJAHIN, 6 BnliT Ml 12 Tesey Streets, Kev Tert. 

Large niuitrated GatalogaeB, Cloth Bound, (1.60 each. 
N. B.—Sepairing of OUui or Bra*» A;^paratv* rapidly done on the Premite*. 



CHARLES H. KKAFT, 



JIA19UFJLCTUBBB OF 



fute chemicals 



AND 



STRICTLY PURE ACIDS, 



FOK 



LABORATORY AND SCIENTIFIO USE 



Ho. 55 FULTOH STREET, CORNER CLIFF STREET, HEW YORK. 



494 ft 496 FLUSHING AVENUE, BROOKLYN. 



BECKER & SONS, 

BALANCES Al WEIGHTS OF PBEGISION, 



CHEMISTS, A3SATEES, JEWELEES, DETOBISTS, 

And in general for every wte where aeeuracg it required. 

No. 6 MURRAY STREET, NEW YORK. 



' Every Balance and Set of We^hta leaving this establishment is guar- 
anteed to be ocouratelr adjusted, as lepresented in our Price List. 

For BOme time past we have been aware that imitations of our Bal- 
ances and Weights have been placed ujmn the market, represented as 
being manufactured by lis, and would caution our customers t^at only 
tiie goods mode hj us bear our firm name. 

t^ Oar Illustrated Price list' mailed on amplication. 



JiUIEii W. QUEEN & GO. 



PHILOSOPHICAL APPARATUS. 



rartely. New Enil-on Speetnim Tob«B. 



CHEMICAL APPARATUS. 



HetooroioglcBl AfqkoratuB. 



Qoeei's TiEilei-Bollz Electrical Macbie:. 



OPTICAL INSTRUMENTS. 

Hlmoacopea BDd UicroBocqiic HoudUdk UaterlBla. Spsclaclei. Bye-QlnMW. Optteti 

SUaoopea. Oplometers, Modelsot tbe Ej-e. BikroiiieterB. Cliulo*! Ther- 

_ . — _ Ka«le lAntarng and oooeawvy Apparatno. etc., eto. 



MATHEMATICAL INSTRUMETNS. 

dbIM and Lerelr. Drairliig TnstrumMita and Haterjab. SjurrejIatCo 
panes. Cfa^DB. Books relating to all sclenClflc sublecto. 



PABT L— MATHEMATICAL INSTRUMENTS (160 pp.). 

PART IL— OPTICAL IHSTRUMEHTS AND MICROSCOPES (144 pp.). 

PART m.— MAOIC LANTERNS AND SLIDES (113 pp.). 

PART IV.-PHILOBOPHICAL AND CHEMICAL APPARATUS (108 pp.). 





Philosophical Instniment Maker to the Stevens 

Institute of Technology, 

, ]sr. J., 



Manafactnres the College Lantern, which has reoeiyed the Scott Legacy Pre- 
mium of the I!ranklin Institute and Silver Medal of the American Institute. See 
also Report of Committee of Bcience and Arts of Franklin Institute, VoL LXX., 
p. 801, 1876. 

JCICBOSCOPIC AND POLARIZING ATTACHMENTS to the above, pro- 
ducing effects far surpaefliug anything before manufactured. Also, ATTACH- 
MENTS FOR SPECTRUM PROJECTIONS WITH ELECTRIC LIGHT, for 
Diffraction, etc.; Professor Morton's Chromotrope, Eclipse Slide, Polarizing 
Objects, etc.; Dissolving-View; Opaque, Vertical, Experimenters' and Photog- 
raphers' Lanterns : Spectroscopes for Laboratory Use, $100 ; slso Pocket Spec-, 
trofloopes. Direct Vision, $15 ; Apparatus in Connection with Prof. A. M. May- 
er's Book on light and Sound ; Plattner^s Blowpipe Apparatus, of superior fin- 
ish and nickel plated, at induced rates— complete qualitative set in polished 
mahogany case, $86 ; Bunsen Burners, 75c. each ; $6 per dozen. 

I»RIOB3 LISTS SB3NT OKT AJPT^T^iaArSTLON. 

WORKSHOP IV THE IKSTITUVE. 

116 FULTON STREET, TSTEW YOUK, 

Dealer in Mieroseopea (Crouch, Acme, Beclf s, Lithological) and all accessories. 
Also Drawing Instruments and Materials, Transits, Levels, etc. 
Priced and lUastnated Catalogue sent to any address for 10 cents. 




316 and 318 Market Street, St. Louis, Mo., 

nCPOBTEB AKD DSAUBB DT 

CHEMICAL APPARATUS, 

ROYAL BERLIN AND MEISSEN PORCELAIN, 
BOHEMIAN GLASSWARE, 

PLATINUM CRUCIBLES AND DISHES. 

PURE ACIDS AND E. MEKCK'S C. P CHEMICAUS 

OO ITTLTON STB3E3ET, 

OLASS BLO^'V^ER. 

Manufacturer of Chemical, Physical, and Electric Qliss Apparatuj*, Burettes^ Pipettes, 
Thermometers, and Hydrometers, ete., f or aualysts^ use. 



CimCALS AND miCTED CIMCAL AFFABiTUS; 

MERCK'S AND TROMMSDORPF'S C. P. CHEMICALS ; 

A full line of AS8AYES8' GOODS— Furnaces, Crucibles^ 

Muffles, Scoriflers, &c. 

8PfC€IAI<TIES.— Royal Berlin and RAval llIelMen Poreeialni 
Bottemlan Glassiw^aret Frencli Hammered Plattnnm; A^ate >«l ortars; 
Hon Rubber Stoppers; Balances ; Selilelcber & Sclinll's €• P« Filter* 
Papers; Copper Slills ; Urater-Batbs; and all Graduated HV^are* 

Please send for large IlluBtrated Catalogue. 

EIMER & AMEND. 

«00, SOT, »00 and SXl Third A-venue, Nevr Yorlc, 

Eighteenth Street Station Elevated Railroad. 



First Premium at Franklin Institute, 1845* 
First Premium at Centennial International Exblbltlon, 18Y6* 

J. BISHOF <& OO., 

Sugartown, Chester County, Penn'a, 

Eefiners and Melters of Ratiniun, 

MAJTUFACTUREBS OF 

CRUCIBLES, EVAPORA TING DISHES, IGNITION TUBES, 

And all articles made from Piatinuh» used by Analytical Chemists. 



OLD PLATINUM BOUGHT OR TAKEN IN EXCHANGE. 
Scrap Melted at tbe Sbortest Notice* 



All articles sent by Adams Express, directed to J. Bishop & Ck>., Malvern 
Station, P. R. R., will meet with prompt attention. 

SCHOOL OF HIRES QUARTERLT. 

Edited by Graduates and Students of the School 

of Mines, Columbia College. 

Issued Quarterly durinflr tJcte Solxool 'Fear* 

Oontaining Original Artides and Hotes on Ohemical and Engineering 

Snbjeots etc, 

Subscription $2 per year. | Single niunlters 50 cents. 

OFnOE: SCHOOL OF UIHES, OOLTTHBIA OOLLEGE, 

Fourth ATemae and Fiftieth Street^ Hei* Tork« 



PUBLISHED BY HENRY HOLT &- CO. 

PACKARD'S (DR. A. 8., Jr.) WORKS. Guide to the Study 
of Insects, and a treatise on those injurious and beneficial to Crops. 
>'or the use of Colleges, Farm Schools, and Agriculturists. With 
fifteen plates and six hundred and seventy woodcuts. Sixth Edition, 
8vo. $5.00. 

"This introduction to the study of insects is designed to teach the 
beginner the elements of entomalogy, and to serve as a guide to the 
more elaborate treatises and memoirs which the advanced student may 
wish to consult." 

" In order to make it of value to farmers and gardeners, whose need |] 

the writer has kept in view, and that it may be used as a text-book in .j 

our agricultural colleges, concise accounts have been given of insects, b 

injurious or beneficial to vegetation, or those in any way affecting human \ 

interests. ' ' — P.x tract from Author's Preface. f i 

Ontlina-^ of Comparative Embryology. Copiously illustrated. ! 

8vo. f 2. 50. f; 

" Must remain for many years the one standard work on the subject. 
. . . . Altogether it forms one of the most valuable works of science 
yet published in this country, and it is safe to say that no working 
naturalist can do without it." — Popular Science Monthly, 

SUMNER'S (PROF. W. G.) HISTORY OF AMERICAN 
CURRENCT. With Chapters on the English Bank Restriction 
and Austrian Paper. Money. To which is appended **The Bullion 
Report.*' Large i2mo. With diagi'ams. $3.00. 

"A most valuable collection of facts, thoroughly digested and properly 
arranged. . . . The work is of great merit. . . . Pre-eminently 
a book for the times. . . . Terse and epigrammatic at times, hia 
book has a freshness and vivacity rarely found in works of the kind." 
— Atlantic Monthly. 

WALKER'S (F. A ) WORKS. Wages. A Treatise on Wages 
and the Wages Class. By Francis A. Walker, M.A., Ph,D. 
Svo. $3.50. 

" The most complete and exhaustive treatise on the wages question 
with which w^ are acquainted . . . the general correctness of its 
line of argument is in striking contrast to much that has been written on 
the subject, and especially to the similar work which in recent times has 
attracted most attention." — Nation. 

"The subject, which is commonly reckoned dry and uninteresting, is 
treated in such a manner as to interest and entertain, as well as instruct 
the reader. The author has done a great deal of honest and conscien- 
tious work in the way of educating the people in political economy and 
the true principles of finance. " — A^. Y. Tribune. 

Money. By Francis A. Walker. 8vo. I4.00. 

"A real treasure house of information. . . . We do not recall the 
name of an author of any important contribution to the discussion of 
the laws of money who is not here briefly, but intelligently quoted. 
, . . The essential facts of monetary experience in every country 
are presented with sufficient fulness and with judicious mingling of 
authority on disputed points. The work will win a very honorable place 
for its author among the few who are advancing towards the mastery 
of a most difficult science. " — N. Y. Tribune. 

# *• The book will not only interest the reader, it will set him thinking 
forhimselC'—A^. K World. 
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AMERICAN SCIENCE SERIES 

FOR HIGH SCHOOLS AND COI^LEGES. 



The principal objects of this series are to supply the lack — In some 
subjects very great — of authoritative books whose principles are, so 
far as practicable, illustrated by familiar American facts, and also to 
supply the other lack that the advance of Science perennially creates, 
of text-books which at least do not contradict the latest generaliza- 
tions. 

The Volumes are large 12mo» 

The books arranged for are as follows. They Systematically Out- 
line the field of Science, as the term is usually employed with refer- 
ence to general education. Those marked * had been published up 
to February 1, 1881» 



I. JPhy8iC9. 

By Arthur W. Wright, Piro* 
fessor in Yale College. 

IX. Chemistry, 

By Samttel W. Joanbon and 
William G. Mixtbr, Professors 
in Yale College, 

III. Astronomy.* 

By Simon Nbwcomb, Supt. 
American Nautical Almanac, and 
Edward S. Holden, Professor 
in the Uiiited States Kavat Ob- 
servatory. $2.50. 

tV. Geology. 

By Raphael Pcmpellv, late 
professor in Harvard University. 

Fk Botany. '^ 

By C. E« Bessey, Professor in 
the Iowa Agricultural College 
and late Lecturer in the Uni- 
versity of California. |2. 75. 



VI. Zoology.* 

By A. S. Packard, Jr., Pro- 
fessor of Zoology and Geology in 
Brown University, Editor of the 
American IfaturaMst, $8. 

VII. The JBCuman Body.* 

By H. Newell MABiiKf Pro- 
fessor in the Johps Hopkins 
University. $2.75. Copies with- 
out the Appendix on Reproduc- 
tion will be tent when Ipcciolly 
ordered 

VIII* ^Psychology, 

By William James, Professor 
in Harvard University. 

IX. BotUUxU Econom>y. 

By Frakcis A. Walker, Pro- 
fessor in Yale College. 

X» Government. 

By Edwin L. Godkik, Editor 
of the NaMon^ 



HENRY HOLT & CO., PtmLtSfflBRS, NEW YORK, 



PUBLISHED BY HENRY HOLT 6- CO, 

TAINB'S (HIPPOLTTB ADOLPBB) WORKS. Uniform 
Library Edition. 14 vols., large iimo. Per vol., cloth, $2.50; 
half calf, $5.00 ; tree calf, $6.oa Each vol, told separately. 

" The paper, print, and binding of this series leave nothing to be 
desired in point of taste and attractiveness."— A'a/i^rM. 

The Anciant lUgiiiM. The first volume on **The Origins e/ 
Contemporary Franci^ Translated by John DuranD. Large 
i2mo. $2.50. 

** This work may be regarded as the most thoughtful and profound of 
all the productions of the author. . . . The pages abound with the 
vigorous descriptions that form a fascinating element in his general 
writings. »'—A^. K Tribune, 

** Deserves to be closely and carefully studied. . . . Strikes us as 
far superior to his former productions. "~Z<?/r<3fSMf Saturday Review, 

The French RevohitiOB. Vol. I. Translated by JoHlt 
DURAND. Large 1 2mo, $2. 5a (Just ready,) 
(Being the second volume on **The Origins of Contemporary France,'* 
It is expected that the series will contain one more volume on the Revo* 
Itttion, and two on France since the Revolution.) 

History of Engliah liUrattire. Translated by H. Van Laun. 
From new stereotype plates. 3 vols., $7.50; half calf, $15,00. 

On Zntelligenoe. Translated by T. D. Haye^ 2 vols. $51 oa 

Italy. (Rome and Naples.) By John Durand. $2. 5a 

Italy. (Florence and Venice.) By John Durand. $2.50. 

Notes on Paxis. Thr Life and Opinions of M. Frederick 
Thomas Graindorge. Tr. by John Austin Stevens. $2.50. 

Notes on England. Translated, with an introductory chapter^ 
by W. F. Rae. With a portrait of the author. Large i2mo. $2,501 

A Tour through the Pyrenees. Tr. by J. Safford Fiske. $2. 50. 

Xectares on Art. Translated by John Durand. First Series. 
(Containing the Philosophy of Art ; The Ideal in Art.) $2. 5a 

Ijectures on Art. Translated by John Durand. Second Series. 
(Containing the Philosophy of Art in Italy ; The Philosophy of Art 
in the Netherlands ; The Philosophy of Art in Greece.) $2.50. 

SEPARATE EDITIONS, 

A Tonr through the Pyrenees. Translated by J. Safford Fiske. 

Illustrated by GusTaVe DORi. Square 8vo, gilt, $10.00. Full 

levant morocco, $20.00. 

A superb presentation volumci with nearly 350 illustrations In Dora's 
early, careful manner. The illustrations are not confined to the scenery, 
but also refer to many of the adventures, tragic and grotesque, that be> 
set the traveller, and, what is of more interest and importance, many of 
the legends of that historic and romantic country from Froissart and the 
other old Chroniclers. 

" It is rarely that a book is printed in so perfect a combination of the 
book-^making trinity, author, artist, and publisher, as is this superb 
work." — N, Y, Evening Mail, 

* * A marvel of beauty. ' '-^Boston Transcript, 
The Philosophy of Art in Italy, Translated by John Durand. 

l6mo, $1.25. 
Art in the Netherlands. Translated by John Durand. i6mo. 

$1.25. 
The Class-room Taine. History of English Literature, by H. A. 

Taine. Abridged from the translation of H. Van Laun, and edited, 

with chronological table, notes, and index, by John Fiske, Lecturer 

and Assistant Dbrarian in Harvard University. Large i2mo. $2.25. 
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